WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT r 

INTERNATIONAL APPLICAT|QN PUBLISHED UNDER TfiU P ATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
C12Q 1/68, C12P 21/00 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 98/32880 

30 July 1998 (30.07.98) 



(21) International Application Number: PCT/US98/01 196 

(22) International Filing Date: 21 January 1998 (21.01.98) 



(30) Priority Data: 

60/037,352 



23 January 1997 (23.01.97) 



US 



(71) Applicant (for all designated States except US): IMMUSOL 

INCORPORATED [US/US]; 3050 Science Park Road, San 
Diego, C A 92121 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): BARBER. Jack [US/US]; 
11987 Canridge Place. San Diego. CA 92128 (US). 
WELCH, Peter [US/US]; 4689 East Talmadge Drive, San 
Diego, CA 92116 (US). YEI, Soonpin [US/USJ; 7707 
Sitio Musica, Carlsbad, CA 92009 (US). TRITZ, Richard 
[US/US]; 9515 Genesee Avenue, San Diego, CA 92121 
(US). 

(74) Agents: WEBER, Kenneth, A. et ah; Townsend and Townsend 
and Crew LLP, 8th floor. Two Embarcadero Center, San 
Francisco, CA 941 1 1 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG BR 
BY. CA. CH, CN, CU, CZ, DE, DK, EE, ES, H, Gb! Ge] 
GH, GM, GW, HU, ID, IL, IS, JP. KE. KG, KP. KR. KZ, 
LC, LK, LR, LS, LT, LU, LV. MD, MG, MK, MN, MW, 
MX, NO, NZ, PL, PT. RO.-RU. SD, SE. SG, SI, SK SL 
TJ. TM, TR, TT. UA. UG, US, UZ, VN, YU, ZW, ARIPO 
patent (GH, GM, KE, LS, MW. SD, SZ, UG. ZW), Eurasian 
patent (AM. AZ, BY, KG. KZ. MD, RU, TJ, TM). European 
patent (AT, BE. CH, DE, DK, ES, FI, FR, GB, GR. IE. IT. 
LU, MC, NL, PT, SE). OAPI patent (BF. BJ. CF, CG. Cl' 
CM, GA. GN. ML. MR, NE. SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: 



GENE FUNCTIONAL ANALYSIS AND DISCOVERY USING RANDOMIZED OR TARGET-SPECIFIC RIBOZYME 
GENE VECTOR LIBRARIES 



(57) Abstract 

The-present^invention^provides-a-hairpin-ribozynie-library-having-a-randomized-recGgnition-seque 

operably linked to a promoter suitable for high level expression in a wide variety of cells. The invention comprises using the library in a 
variety of selection protocols for identifying, isolating and characterizing known or unknown target RNAs. to reveal the phcnotypic effects 
of such cleavage, and to identify the gene products that produce those phenotypic effects. 



■f. 

4 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


K£ 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6te d*Ivoire 


KP 


Oemocratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RL) 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







wo 98/32880 



1 



PCTAJS98/01196 



GENE FUNCTIONAL ANALYSIS AND DISCOVERY USING RANDOMIZED 
OR TARGET-SPECIFIC RIBOZYME GENE VECTOR LIBRARIES 

A. BACKGROUND OF THE INVENTION 

1 . Field of the invention 

This invention relates generally to methods for using hairpin 
ribozymes to inactivate target RNA molecules. The present invention 
specifically provides methods for identifying, isolating, and characterizing 
unknown genes and gene products responsible for detectable phenotypic traits 
or for characterizing unknown phenotypic effects of known genes, and 
methods of inactivating target RNAs. Compared to other known ribozymes, 
the hairpin ribozyme has been discovered to be uniquely effective as a 
randomized antisense tool. 



2. Related art 

A ribozyme is an RNA molecule that catalytically cleaves other 
RNA molecules. Different kinds of ribozymes have been described, including 
group I ribozymes, hammerhead ribozymes, hairpin ribozymes, RNAse P, and 
axhead ribozymes. See Castanotto et a\. (1994) Advances in Pharmacology 
25:289-317 for a general review of the properties of different ribozymes. 

The general features of hairpin ribozymes are described e.g., in 
Hampel et aL (1990) NucL Acids Res. 18:299-304; Hampel et al. (1990) 
European Patent Publication No. 0 360 257; U.S. Patent No. 5,254,678, 
issued October 19, 1993; Wong-Staal et al., WO 94/26877; Ojwang et al. 
(1993) Proc. Natl. Acad. Sci. USA 90:6340-6344; Yamada et al, (1994) 
Human Gene Therapy 1:39-45; Leavitt et al. (1995) Proc. Natl. Acad. Sci. USA 
92:699-703; Leavitt et al. (1994) Human Gene r/)erap/ 5:1 151-1 120; and 
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Yamada era/. (1994) Wr/o/ogy. 205:121-126; see Figure 1. Hairpin ribozymes 
typically cleave one of two target sequences, NNNNN*GUCNNNNNNNN or 
NNNNN*GUANNNNNNNN (* denotes the cleavage site, and N can be any 
nucleotide). See, De Young era/. (1995) Biochemistry 34:15785-15791. The 
products of the cleavage reaction are a 5' fragment terminating in a 2',3' cyclic 
phosphate and a 3' fragment bearing a newly formed 5'-OH. The reaction is 
reversible; ribozymes also catalyze the formation of phosphodiester bonds. See 
generally. Buzayan era/. (1986) Nature 323:349-352; Gerlach era/. (1986) 
Virology 151:172-185; Hampel era/. (1989) fi/oc/jem/sr/y 28:4929-4933; 
Gerlach era/. (1989) Gene 82:43-52; Feldstein era/. (1989) Gene 82:53-61; 
and Hampel et al. Australian Patent No. AU-B-41 594/89. 

Ribozymes can be used to engineer RNA molecules prior to reverse 
transcription and cloning, in a manner similar to the DNA endonuclease 
"restriction" enzymes. The production of specific ribozymes which target 
particular sequences is taught In the art (see, e.g.. Yu et al. (1993) Proc. Natl. 
Acad. Sci. USA 90:6340-6344 and Dropulic et al. (1992) J. Virol. 
66(3): 1432- 1441; Wong-Staal era/., WO 94/26877). Ribozymes which cleave 
or ligate a particular RNA target sequence can be expressed in cells to prevent 
or promote expression and translation of RNA molecules comprising the target 
sequence. For instance, expression of hairpin ribozymes which specifically 
cleave human immunodeficiency (HIV) RNAs prevent replication of the virus in 
cells. See, Yu era/. (1993) Proc. Natl. Acad. Sci. USA 90:6340-6344; 
Yamada era/. (1994) V/ro/o^/ 205:121-126; Yamada era/. (1994) Gene 
Therapy 1:38-45; Yu era/. (1995) IZ/ro/oflr/ 206:381-386; Yu era/. (1995) 
Proc. Nat. Acad. Sci. 92:699-703; and Wong-Staal et al. WO 94/26877 
(PCT/US94/05700). The rra/7s-splicing activity of ribozymes can be used to 
repair defective mRNA transcripts within cells and restore gene expression. 
Sullenger and Cech (1994) Nature 371:619-622. Quasi-random ribozyme 
expression vectors were reportedly used to clone target specific ribozymes. 
Macjak and Draper (1993) J. Cell. Biochem. Supplement 17E, 3206:202. A 
hammerhead ribozyme library comprising a randomiz d recognition sequence 
was used for in vitro selection of ribozymes which actively cl ave a specific 
target RNA (Li ber and Strauss (1995) Mol. Cell. Biol. 15:540-551; patent 
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publication 96/01314); ribozymes sel cted by this method were then expressed 
in tissue culture cells (id.) and in transgenic mice (Lieber and Kay (1996) J. 
ViroL 70:3153-3158), In addition, hammerhead ribozyme libraries comprising a 
randomized catalytic region have been used to select ribozymes that efficiently 
cleave a specific target RNA, Patent publication WO 92/01806. A library of 
the ribozyme form of the group i intron of Tetrahymena thermophUa having a 
partially randomized recognition sequence was used for in vitro selection of 
ribozymes which actively cleave a specific target RNA, Campbell and Cech 
(1995) RNA 1:598-609. 

However, even when both the sequence of the cleavage sites of a 
specific target RNA and the recognition sequences of ribozymes that cleave 
that specific RNA are known, targeted cleavage of RNA in vivo has been 
difficult to achieve (See, e.g., Ojwang et al. (1992) Proc. Natl. Acad. Sci. USA 
89:10802-10806), in part for the following reasons: (a) The target site may be 
hidden within the folds of secondary structure in the substrate RNA, or by 
interaction with RNA binding molecules, (b) The substrate RNA and the 
ribozyme may not be present in the same cellular compartment, (c) The 
ribozyme may be inhibited or inactivated in vivo, either because it is degraded, 
or because it assumes a secondary structure in vivo that is incompatible with 
"catalytic" activifyT^c^ 

observed biological effects in some instances can be attributed to simple 
binding of the ribozyme, as opposed to binding and cleavage, (d) The ribozyme 
is not produced in sufficient quantities. 

The present invention addresses these and other problems. 
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In the present invention, a hairpin ribozyme gene library having a 
randonnized target recognition sequence, packaged in a vector which is suitable 
for high level transduction and expression in a wide variety of cells, is used to 
identify, isolate, and characterize unknown genes and gene products 
responsible for detectable phenotypic traits, and to characterize unknown 
phenotypic effects of known genes. In a preferred embodiment, the vector is 
an adeno-associated virus vector (AAV). The ribozyme gene is preferably 
operably linked to a transcriptional promoter that allows for optimal inhibition of 
target RNA expression in vivo, such as a poi III promoter. The result is an 
unexpectedly high level of expression of the ribozyme gene products. This 
efficient expression in turn makes possible the in vivo or in vitro selection of 
ribozyme genes that are active in vivo, even when the target site is not known. 

In one embodiment, the invention comprises a method of 
correlating expression of a nucleic acid that encodes a hairpin ribozyme with 
the appearance or loss of a detectable phenotype which results from the 
inhibition or expression of a cellular gene not previously known to result in said 
phenotype, which involves generating transduced cell clones which express at 
least one reporter gene or otherwise selectable marker and one or more 
ribozyme genes from a library of hairpin ribozyme-encoding nucleic acids having 
randomized target recognition sequences, detecting a phenotypic difference 
between a transduced cell that expresses said hairpin ribozyme, and a cell of 
the parental cell line that does not express said hairpin ribozyme. deconvoluting 
if necessary, isolating and sequencing the ribozyme present in transduced cells 
that express a selected phenotype. The hairpin ribozyme-encoding nucleic acid 
is operably linked to an inducible or constitutive promoter. In this and other 
embodiments, the cells can be eukaryotic, particularly mammalian cells, and the 
cellular gene can be from the genome of the transformed cell. 

In another embodiment, the invention comprises a method of 
determining unknown phenotypic ffects of a coding nucleic acid of known 
sequence, comprising: simultaneously expressing within a same cell a coding 
nucleic acid of known sequenc and also a hairpin ribozyme that recognizes at 
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least one GUC site present in said coding nucleic acid of known sequence; and 
then detecting phenotypic differences between cells that simultaneously 
express said coding nucleic acid of known sequence and also a hairpin 
ribozyme that recognizes said at least one GUC site present in said coding 
nucleic acid of known sequence, and cells that express only said coding nucleic 
acid of known sequence, or cells that express only said hairpin ribozyme that 
recognizes a GUC site present in said coding nucleic acid of known sequence. 

In another embodiment, the invention comprises a method of 
identifying a nucleic acid whose gene product mediates binding to a selected 
ligand, comprising transducing a population of parental cells which express a 
nucleic acid whose gene product mediates binding to a selected ligand with 
vectors that comprise a library of hairpin ribozyme-encoding nucleic acids 
having randomized recognition sequences and with a nucleic acid that encodes 
at least one reporter gene; identifying and cloning a transduced cell that does 
not bind to said selected ligand, to yield a population of cloned cells that do not 
bind to said selected ligand; isolating the ribozyme that is expressed in said 
cloned transduced cells; and determining the sequence of the recognition 
sequence of the ribozyme; making an oligonucleotide probe consisting of the 
recognition sequence of the ribozyme; and identifying a nucleic acid whose 

"gene product"is~recognized-by~the~ribozyme"using~the~oligonucleotide~^p 

The selected ligand may be one that binds to a cell surface receptor. The 
ligand may be present on a viral particle, a growth factor, a differentiation 
factor, any protein with an antibody directed against it. It can be identified by 
FACS or affinity separation techniques. The ligand may belong to the group 
consisting of hormone receptors, receptors for molecules that induce apoptosis, 
and drug receptors. 

In another embodiment, the invention comprises a method of 
identifying regulatory gene products and genes that control the expression of a 
particular selected nucleic acid, by genetically engineering a population of cells 
to express in every cell a selected gene operably linked to one or more reporter 
genes in a vector and at least one m mber of a library of hairpin 
ribozyme-encoding nucleic acids having randomized recognition sequences; 
isolating and cloning a genetically engineered cell wherein the lev I of 



wo 98/32880 PCT/US98/01196 

6 

expression of the reporter gen is measurably different from that of cells that 
express the reporter gene but do not express a member of said library of hairpin 
ribozyme-encoding nucleic acids; and identifying a nucleic acid whose gene 
product is recognized by a ribozyme expressed in the cloned genetically 
engineered cells. 

In yet another embodiment, the invention comprises a method of 
identifying a gene whose gene product confers sensitivity to a selected 
chemical compound or sensitivity to a cytolytic virus or any other microbial 
entity, comprising transducing a population of parental cells which are sensitive 
to a selected chemical compound or virus or microbe with vectors that 
comprise a library of hairpin ribozyme-encoding nucleic acids having randomized 
recognition sequences; identifying and cloning a transduced cell that is resistant 
to said selected chemical compound or virus or microbe, to yield a population 
of cloned transduced cells that are resistant to said selected chemical 
compound or virus or microbe; and identifying a nucleic acid whose gene 
product is recognized by a ribozyme expressed by the cloned transduced cells 
of step b. 

In yet another embodiment, the invention comprises a method of 
identifying a gene whose gene product confers sensitivity to a non-cytolytic 
virus, comprising transducing a population of parental cells which are sensitive 
to a selected virus with vectors that comprise a library of hairpin 
ribozyme-encoding nucleic acids having randomized recognition sequences; 
identifying and cloning a transduced cell that is resistant to said virus. 
Resistant cells can be identified by sorting for those cells that lack expression 
of a viral antigen (ideally a cell surface associated antigen) following infection. 
Alternatively, cells expressing ribozymes can be selected based on their ability 
to inactivate expression of one or more viral promoters through the inactivation 
of viral or cellular genes necessary for transactivation or transexpression of the 
viral promoter, by linking a selectable marker to the viral promoter and selecting 
for the loss of reporter gene function. 

In yet another embodiment, the invention comprises the generation 
of a target nucleic acid and an in vitro method of detecting a ribozyme that 
cleaves said target, comprising hybridizing a library of hairpin 
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ribozyme-encoding nucleic acids having randomized recognition sequences in 
vitro to a target nucleic acid (RNA or DNA that has been converted to RNA) 
under stringent hybridization conditions in a solution that does not permit 
cleavage, wherein the ribozymes having recognition sequences that are 
complementary to the target nucleic acid hybridize to the recognition site on 
the target nucleic acid but do not cleave the target nucleic acid; and collecting 
one or more ribozymes that bind to the target nucleic acid. The target nucleic 
acid is preferably attached to a solid substrate and consists of RNA or DNA 
that has been converted to RNA, and can be derived from an isolated 
chromosome, an isolated nucleic acid that encodes a desired gene product, a 
selected isolated nucleic acid fragment; an isolated polycistronic nucleic acid; a 
cDNA library, and a total messenger RNA fraction of a cell. Furthermore, 
ribozymes with activity against said target can be amplified and the selection 
procedure can be repeated multiple times. Alternatively, the target nucleic acid 
is not attached to a solid support and the trans-ligation properties of the hairpin 
ribozyme are employed to "tag" the cleavage products. This ribozyme "tag" is 
then used to amplify the specific active ribozymes. 

In a further embodiment, the invention comprises a method for 
identifying differentially-expressed genes between two cell types, using in vitro 

selection teGhniques-that-are-teGhnieally-easier than-eurrentiy 

methods. Further, the invention comprises identifying a ribozyme or ribozymes 
that will inactivate the differentially-expressed gene(s). 

In another embodiment, the invention comprises an in vivo method 
of selecting at least one hairpin ribozyme gene that cleaves a target recognition 
site in a target nucleic acid, comprising generating cells that co-express a 
library of hairpin ribozyme-encoding nucleic acids having randomized 
recognition sequences and a nucleic acid that encodes at least one 
FACS-sortable or otherwise selectable reporter gene, wherein the gene product 
of at least one ribozyme-encoding nucleic acid cleaves a target sequence in a 
selected target nucleic acid; isolating and packaging the ribozyme-encoding 
nucleic acids of said cloned cells; then generating and cloning transduced cells 
that express at least one ribozyme-encoding nucleic acid whose gene product 
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cleaves a target sequence; and isolating the ribozyme'encoding nucleic acid 
from the cloned cells. 

In another embodiment, the invention comprises a method for 
identifying genes involved in cancer formation, such as oncogenes or tumor 
suppressors. This comprises transducing parental cells with vectors that 
comprise a library of hairpin ribozyme-encoding nucleic acids having randomized 
recognition sequences; identifying and cloning a transduced cell that has either: 
a) in the case of oncogenes, lost its transforming potential in tissue culture and 
nude mice or b) gained transformation capabilities in tissue culture and nude 
mice, as would be the case for loss of tumor suppressor function. 

In another embodiment, the invention comprises a method of 
detecting a ribozyme that produces a detectable phenotype in a mammal, 
comprising generating transgenic or chimeric non-human mammals that express 
nucleic acids that encode hairpin ribozymes that recognize a selected target 
nucleic acid; screening transgenic mammals for a selected phenotype; and 
isolating and characterizing the ribozyme-encoding nucleic acids from the cells 
of the transgenic or chimeric animal. Preferably, the phenotype is a 
neurological disorder, such as Alzheimer's disease (Games et aL (1995) Nature 
373:523; Moran et aL (1995) PNAS USA 92:5341). 

In a separate embodiment, the invention comprises a target- 
specific ribozyme gene library, generated by collecting ribozymes that bind to 
and cleave a specific target sequence. 

In another embodiment, the invention comprises a differential cell 
ribozyme gene library, composed of ribozymes that bind to a first cell line but 
not to a second cell line. 

In yet another embodiment, the invention comprises a kit which 
includes a hairpin ribozyme library having a randomized recognition sequence, 
packaged in a vector which is suitable for high level expression in a wide 
variety of cells. The preferred vector is an adenoviral associated vector, and 
the ribozyme gene is preferably operably linked to a pol 111 promoter. The kit 
further comprises reagents and detailed instruction for use in the above 
methods of the invention. 



wo 98/32880 PCT/US98/01 196 

9 

C. BRIEF DESCRIPTION OF FIGURES AND TABLES 

Figure 1 : The hairpin ribozyme. 

The hairpin ribozyme consists of a 50 to 54 nucleotide RNA 
molecule (shaded, in uppercase letters) which binds and cleaves an RNA 
substrate (lowercase letters). The catalytic RNA folds into a 2-dimensional 
structure that resembles a hairpin, consisting of two helical domains (Helix 3 
and 4) and 3 loops (Loop 2, 3 and 4), Two additional helixes. Helix 1 and 2, 
form between the ribozyme and its substrate. Recognition of the substrate by 
the ribozyme is via Watson-Crick base pairing (where N or n = any nucleotide, 
b = C, G or U and B = the nucleotide complementary to b). The length of 
Helix 2 is fixed at 4 basepairs and the length of Helix 1 typically varies from 6 
to 10 basepairs. The substrate must contain a GUC in Loop 5 for maximal 
activity, and cleavage occurs immediately 5' of the G as indicated by an arrow. 
The catalytic, but not substrate binding, activity of the ribozyme can be 
disabled by mutating the AAA in Loop 2 to CGU. 

Figure 2: Cleavage of target substrates by hairpin ribozyme library. 

Detection of ribozyme activity of the library in vitro. Various 

known RNA-substrates-(HIV~1-= pol-3308;-HIV 2-=~en^^ 

506) were cleaved with ribozymes transcribed from the library. When known, 
purified ribozyme was added at the concentration expected to be found in the 
library, the cleavage pattern between the purified ribozyme and the ribozyme 
library is identical when the same RNA substrate is used (HIV 1 , ribozyme vs. 
ribozyme library). 

Figure 3: AAV plasmid (pAMFT-dBam). 

Genomic organization of pAMFT.dBam, a recombinant plasmid 
from which infectious adeno-associated viral vector (rAAV) harboring an 
expression cassette for a hairpin ribozyme can be produced. The major 
components of this plasmid are: AAV 5'-ITR (inverted terminal repeat), 
neomycin resistance gene, hairpin ribozyme gene (denoted U5 in figure) under 
control of tRNA^^' pol III promoter, AAV 3'-ITR. 
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Figur 4: Gen ration of rAAV-ribozym library pro-vector by PCR. 

A schematic illustration showing how full length rAAV constructs 
containing the ribozyme library genes can be generated by two rounds of PGR. 
The resulting linear DNA can be re-ligated via the Bgl II restriction enzyme sites 
flanking the whole rAAV genome. 

Figure 5: Production scheme for AAV. 

Summary of a scheme for developing AAV packaging cell lines for 
scalable transient transfection-based rAAV production. 

Figure 6: Concept of cloning genes using AAV-ribozyme library. 

Cells are transduced with the AAV-ribozyme library such that each 
cell expresses one or more ribozymes from the library. The particular 
phenotype in question is screened and selected for. Positive clones are used to 
rescue the rAAV responsible followed by re infection and screening. Once 
selection is complete, the ribozyme gene is rescued, its activity is confirmed 
and its sequenced. The deduced sequence is used to prepare a unique DNA 
probe to clone the target gene. 

Figure 7: Attaching RNA target to solid support. 

Target RNA can be immobilized on solid supports by a variety of 
methods, by either their 5' or 3' ends. Details are described in the text. 

Figure 8: In vitro selection of efficient ribozymes. 

An in vitro transcribed ribozyme library is applied to the target 
RNA column under conditions that allow binding but prevent cleavage. 
Unbound ribozyme are washed away. Conditions are changed to allow 
cleavage by the bound ribozymes. Active ribozymes are released from the 
column following successful cleavage. Released ribozyme are amplified, 
re-synthesized and re-applied to a new column and the process is repeated. 
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Figure 9: AAV stable integration. 

Splinkerette assay (Devon et aL (1995) Nucleic Acids Res. 
23:1644) indicates rAAV is integrating site-specifically in the host cell genome 
following transduction. Molt 4/8 cells were transduced by AAV AMFT or 
AMY2 as indicated and selected in G418 until a stable G418 resistant 
population emerged. DNA was then isolated from uncloned cells and 1 ug DNA 
was digested with a restriction enzyme that does not cut in the vector so that 
unlntegrated DNA would not be detected. DNA was digested with Bgl II and 
ligated to oligonucleotide splinkerettes comparable to those previously 
described (Devon et aL (1995) Nucleic Acids Res. 23:1644). PGR was then 
performed at the indicated Mg -f 4- concentrations using conditions identical to 
the published procedure. The PGR products were then separated on an agarose 
gel and probed with a radiolabelled neo probe corresponding to the amplified 
region of rAAV. Lane 1, 2 Molt 4/8 control; lane 3,4 AMFT.1; lane 5,6 
AMFT.2; lane 7,8 AMY2. Note:: AMFT.1 and AMFT.2 are separate 
transductions with the same vector (AMFT). 

Figure 10: Schematic of trans cleavaae and ligation. 

Auto-catalytic ribozyme library is transcribed in vitro and allowed 

to-self-cleave—Self-cleaved7 helix-2-charged ribozymes-are purify 

incubated with the target RNA. Following cleavage of target, a portion of the 
charged ribozymes will ligate themselves to the cleavage products. These 
product-ribozyme species are then amplified by reverse transcription and PGR 
to yield the target specific ribozymes. 



Table 1 : AAV ligation/transformation efficiency 

Ligation efficiency of ribozyme library gene insert to vector plasmid 
was determined by counting numbers of bacterial colonies formed after 
transforming with various amounts of ligated DNA. The data indicate that 1 
microgram of ligated DNA can yield 2x10^ transformed colonies, which is 
only 1 log lower that the expected library complexity (4^ ^ = 4.2 x 10®). 



wo 98/32880 

PCTAJS98/01196 

12 

Table 2: AAV transf ction optimization 

Transfections were set up with LipofectAmine (GibcoBRL) and 
DOSPER {Boehringer Mannheim) on A549, HeLa and CF2 cells. Six different 
volumes of LipofectAmine and DOSPER were tested as well as 3 levels of 
AAV-NGFR and Ad8 DNA. 

Table 3: High titer AAV production 

Recombinant AAV preparations with high titers were obtained 
from current CsCl2 purification procedure. The producer cells were lysed with 
the non-ionic detergent octylglucoside or the ionic detergent deoxycholate 
rather than the freeze-thaw procedure used previously. High titer (5 x 10^ 
CFU/each preparation) purified rAAV are reproducibly obtained. 

Table 4: Optimization of rAAV stability following multiple freeze/thaw 
steps. 



Table 5: Optimization of glycerol storage conditions for rAAV, 

Table 6: Stability of rAAV at 4 degrees C in unclarified cell iysates. 

Table 7: Effect of benzonase and RQ1 DNase treatment on rAAV vector 
stability. 



Table 8: AAV purification and concentration. 

A sample of rAAV-Bgal lysate ( 1.2 column volumes; 10 mg 
protein) was loaded onto HQ and SP columns hooked-up in tandem and each 
column was eluted separately with increasing NaCI. HeLa cells were 
transduced in duplicate with fractions collected during chromatography. 
Contamination of adenovirus was examined 5 days post-transduction for 
cytopathic effects (CPE) resulting from adenoviral infection. Titer of rAAV-Bgal 
recovered were measured by staining for Cgal activity after transduction. 
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D. PREFERRED EMBODIMENTS 
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1 . Definitions 

Unless defined otherwise, all technical and scientific terms used 
herein have the same meaning as commonly understood by one of ordinary skill 
in the art to which this invention belongs. Singleton et al. (1994) Dictionary 
OF Microbiology and Molecular Biology, 2d ed., John Wiley and Sons (New 
York); Walker (ed.) (1988) The Cambridge Dictionary of Science and 
Technology, Press Syndicate of the University of Cambridge, NY; and Hale and 
Marham (1991) The Harper Collins Dictionary of Biology, Harper Perennial, 
NY, provide one of skill with a general dictionary of many of the terms used in 
this invention. Paul (1993) Fundamental Immunology, Third Edition Raven 
Press, New York, NY and the references cited therein provide one of skill with a 
general overview of the ordinary meaning of many of the virally or 
immunologically related terms herein. Although any methods and materials 
similar or equivalent to those described herein can be used in the practice or 
testing of the present invention, preferred methods and materials are described. 
For purposes of the present invention, the following terms are defined below. 

TlTelerrfr"nuclei^ac^ 
ribonucleotides and polymers thereof, in either single- or double-stranded form. 
Unless specifically limited, the term encompasses nucleic acids containing 
known analogues of natural nucleotides which have similar binding properties 
as the reference nucleic acid and are metabolized in a manner similar to 
naturally occurring nucleotides. Unless otherwise indicated by the usage of the 
term, the term nucleic acid is often used interchangeably with gene, cDNA, and 
mRNA encoded by a gene. 

The phrase "a nucleic acid sequence encoding" refers to a nucleic 
acid which contains sequence information for a structural RNA such as rRNA, a 
tRNA, or the primary amino acid sequence of a specific protein or peptide, or a 
binding site for a trans-acting regulatory agent. Unless oth rwise indicated, a 
particular coding nucleic acid sequence also implicitly encompasses 
c ns rvatively modified variants ther of {e.g. degenerate codon substitutions) 
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and complementary sequences, as well as the sequence explicitly indicated. 
Specifically, degenerate codon [i.e., different codons which encode a single 
amino acid) substitutions may be achieved by generating sequences in which 
the third position of one or more (or all) selected codons is substituted with 
mixed-base and/or deoxyinosine residues (Batzer et al. (1991) Nucleic Acid Res. 
19:5081; Ohtsuka et al. (1985) J. Biol. Chem. 260:2605-2608; and Cassoi et 
al. (1992); Rossolini et al. (1994) Mol. Cell. Probes 8:9^ -98). Degenerate 
codons of the native sequence or sequences which may be introduced to 
conform with codon preference in a specific host cell. 

The term "sub-sequence" in the context of a particular reference 
nucleic acid refers to a region of the nucleic acid smaller than the reference 
nucleic acid or polypeptide. 

"Cellular gene" means a gene usually expressed by the members 
of a given cell line or cell type without experimental manipulation. It preferably 
means an endogenous gene that forms part of the cellular genome. Viral genes 
that may have been integrated into the cellular genome of an ancestral cell and 
are presently expressed in ail cells of a particular cell line are considered 
"cellular genes". However, the term specifically excludes genes that are 
expressed in a particular population of cells due to the deliberate experimental 
infection of that population with selected viruses. 

A "ribozyme" is a catalytic RNA molecule which cleaves RNA. 
The preferred class of ribozymes for the invention is the hairpin ribozyme; 
hammerheads are specifically not preferred. Preferred hairpin ribozymes cleave 
target RNA molecules in trans. A ribozyme cleaves a target RNA in vitro when 
it cleaves a target RNA in solution. A ribozyme cleaves a target RNA in vivo 
when the ribozyme cleaves a target RNA in a cell. The cell is optionally 
Isolated, or present with other cells, e.g., as part of a tissue, tissue extract, cell 
culture, or live organism. For example, a ribozyme is active in vivo when it 
cleaves a target RNA in a cell present in an organism such as a mammal, or 
when the ribozyme cleaves a target RNA in a cell present in cells or tissues 
isolated from a mammal, or when it cleaves a target RNA in a cell in a cell 
culture. 



wo 98/32880 PCT/US98/01196 

A ribozyme "recognition sequence" or "helix 1" ribozyme domain 
is the portion of a nucleic acid encoding the ribozyme which is complementary 
to a target RNA 3' of the cleavage site on the target RNA, i.e., the ribozyme 
nucleic acid sequences 5' of the ribozyme nucleic acid sub-sequence which 
aligns with the target cleavage site. A GUC ribozyme typically cleaves an RNA 
having the sequence NNNBCN*GUCNNNNNNNN (SEQ ID NO:1) (where N*G is 
the cleavage site, B is any of G, U or C, and where N is any of G, U, C, or A). 
GUA ribozymes typically cleave an RNA target sequence consisting of 
NNNNN*GUANNNNNNNN. (SEQ ID NO:2) (where N*G is the cleavage site and 
where N is any of G, U, C, or A). A "GUA site" is an RNA sub-sequence which 
includes the nucleic acids GUA which is cleaved b a GUA ribozyme. A "GUC 
site" is an RNA sub-sequence which includes the nucleic acids GUC which is 
cleaved by a GUC ribozyme. 

A library of hairpin ribozyme-encoding nucleic acids denotes a 
collection of nucleic acids wherein every possible recognition sequence is 
represented. In other words, the nucleotide residue at each position of the 
recognition sequence other than the GUA or GUC site can be a G, U, C, or A 
(collectively referred to by an "N", see previous example and Figure 1), 

The term "isolated", when applied to a nucleic acid or protein, 
denotes-that the-nucreic~acid"or^r^terrris~e^^ 

components with which it is associated in the natural state. In particular, an 
isolated gene of interest is separated from open reading frames which flank the 
gene and encode a gene product other than that of the specific gene of 
interest. A "purified" nucleic acid or protein gives rise to essentially one band 
in an electrophoretic gel, and is at least 85% pure, more preferably at least 
95% pure, and most preferably at least 99% pure. 

"Nucleic acid probes" may be DNA or RNA fragments. DNA 
fragments can be prepared, for example, by digesting plasmid DNA, or by use 
of PGR, or synthesized by either the phosphoramidite method described by 
Beaucage and Carruthers (1981) Tetrahedron Lett. 22:1859-1862, or by the 
triester method according to Matteucci et al. (1981) Am. Chem. Soc, 
103:3185, both incorporated herein by reference. A double stranded fragment 
may then be obtained, if desired, by ann aling the chemically synthesized single 
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Strands together under appropriate conditions or by synthesizing the 
complementary strand using DMA polymerase with an appropriate primer 
sequence. Where a specific s quence for a nucleic acid probe is given, it is 
understood that the complementary strand is also identified and included. The 
complementary strand will work equally well in situations where the target is a 
double-stranded nucleic acid. 

The phrase "selectively hybridizing to" refers to a nucleic acid 
probe that hybridizes, duplexes or binds only to a particular target DNA or RNA 
sequence when the target sequences are present in a preparation of, for 
example, total cellular DNA or RNA. "Complementary" or "target" nucleic acid 
sequences refer to those nucleic acid sequences which selectively hybridize to 
a nucleic acid probe. Proper annealing conditions depend, for example, upon a 
probe's length, base composition, and the number of mismatches and their 
position on the probe, and must often be determined empirically. For 
discussions of nucleic acid probe design and annealing conditions, see, for 
example, Sambrook et aL (1989) Molecular Cloning: A Laboratory Manual 
(2d ed.). Vols. 1-3, Cold Spring Harbor Laboratory (hereinafter, Sambrook et 
a/.) or F. Ausubel et a/, (ed.) (1987) Current Protocols in Molecular Biology, 
Greene Publishing and Wiley-lnterscience, New York (1987). 

A "promoter" is an array of c/s-acting nucleic acid control 
sequences which direct transcription of an associated nucleic acid. As used 
herein, a promoter includes nucleic acid sequences near the start site of 
transcription, such as a polymerase binding site. The promoter also optionally 
includes distal enhancer or repressor elements which can be located as much 
as several thousand base pairs from the start site of transcription. A 
"constitutive" promoter is a promoter which is active under most environmental 
conditions and states of development or cell differentiation, such as a pol III 
promoter. An "inducible" promoter initiates transcription in response to an 
extracellular stimulus, such as a particular temperature shift or exposure to a 
specific chemical.. 

A "pol III promoter" is a DNA sequ nee competent to initiate 
transcription of associated DNA sequences by pol 111. Many such promoters are 
known, including those which direct expression of known t-RNA g nes. A 
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general review of various t-RNA genes can be found in Watson et aL 
Molecular Biology of The Gene Fourth Edition, The Benjamin Cumrnings 
Publishing Co., Menio Park, CA pages 710-713. 

A nucleic acid of interest is "operably linked" to a promoter, vector 
or other regulatory sequence when there is a functional linkage in cis between 
a nucleic acid expression control sequence (such as a promoter, or array of 
transcription factor binding sites) and the nucleic acid of interest. In particular, 
a promoter that is operably linked to a nucleic acid of interest directs 
transcription of the nucleic acid. 

A regulatory nucleic acid is one that initiates, causes, enhances or 
inhibits the expression of a particular selected nucleic acid or gene product, 
either directly or through its gene product. Examples of trans-acting regulatory 
nucleic acids includes nucleic acids that encode initiators, inhibitors and 
enhancers of transcription, translation, or post-transcriptional (e.g., RNA 
splicing factors) or post translational processing factors, kinases, proteases 

An "expression vector" includes a recombinant expression 
cassette which has a nucleic acid which encodes an RNA that can be 
transcribed by a cell. A "recombinant expression cassette" is a nucleic acid 
construct, generated recombinantly or synthetically, with a series of specified 
nucleic~acidiBlernents^hiclT"p^^ 

target cell. The expression vector can be part of a plasmid, virus, or nucleic 
acid fragment. Typically, the recombinant expression cassette portion of an 
expression vector includes a nucleic acid to be transcribed, and a promoter. In 
some embodiments, the expression cassette also includes, e.g., an origin of 
replication, and/or chromosome integration elements such as retroviral LTRs, or 
adeno associated viral (AAV) ITRs. 

The phrase "exogenous," "genetically engineered" or 
"heterologous nucleic acid" generally denotes a nucleic acid that has been 
isolated, cloned and ligated to a nucleic acid with which it is not combined in 
nature, and/or introduced into and/or expressed in a cell or cellular environment 
other than the cell or cellular environment in which said nucleic acid or protein 
may typically be found in nature. The term encompasses both nucleic acids 
originally obtained from a different organism or cell type than the cell type in 
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which it is expressed, and also nucleic acids that are obtained from the same 
cell line as the cell line in which it is expressed. The term also encompasses a 
nucleic acid indicates that the nucleic acid comprises two or more 
subsequences which are not found in the same relationship to each other in 
nature. For instance, the nucleic acid is typically recombinantly produced, 
having two or more sequences derived from unrelated genes arranged to make 
a new functional nucleic acid. For example, in one embodiment, the nucleic 
acid has a promoter from one gene, such as a human t-RNA gene, arranged to 
direct the expression of a coding sequence from a different gene, such as an 
artificial gene coding for a ribozyme. When used with reference to a ribozyme, 
the term "heterologous" means that the ribozyme is expressed in a cell or 
location where it is not ordinarily expressed in nature, such as in a T cell which 
encodes the ribozyme in an expression cassette. 

The term "recombinant" or "genetically engineered" when used 
with reference to a nucleic acid or a protein generally denotes that the 
composition or primary sequence of said nucleic acid or protein has been 
altered from the naturally occurring sequence using experimental manipulations 
well known to those skilled in the art. It may also denote that a nucleic acid or 
protein has been isolated and cloned into a vector or a nucleic acid that has 
been introduced into or expressed in a cell or cellular environment, particulariy 
in a cell or cellular environment other than the cell or cellular environment in 
which said nucleic acid or protein may be found in nature. 

The term "recombinant" or "genetically engineered" when used 
with reference to a cell indicates that the cell replicates or expresses a nucleic 
acid, or produces a peptide or protein encoded by a nucleic acid, whose origin 
is exogenous to the cell. Recombinant cells can express nucleic acids that are 
not found within the native (nonrecombtnant) form of the cell. Recombinant 
cells can also express nucleic acids found in the native form of the cell wherein 
the nucleic acids are re-introduced into the cell by artificial means. 

A cell has been "transduced" by an exogenous nucleic acid when 
such exog nous nucleic acid has been introduced inside the cell membrane. 
Exogenous DNA may or may not be integrated (covalently linked) into 
chromosomal DNA making up the genome of the cell. Th xogenous DNA 
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may be maintained on an episomal element, such as a plasmid. In eukaryotic 
cells, a stably transformed ce!! is generally one in which the exogenous DNA 
has become integrated into the chromosome so that it is inherited by daughter 
cells through chromosome replication, or one which includes stably maintained 
extrachromosomal piasmids. This stability is demonstrated by.the ability of the 
eukaryotic cell to establish cell lines or clones comprised of a population of 
daughter cells containing the exogenous DNA, 

A vector "transduces" a cell when it transfers nucleic acid into the 
cell. A cell is "stably transduced" by a nucleic acid when a nucleic acid 
transduced into the cell becomes stably replicated by the cell, either by 
incorporation of the nucleic acid into the cellular genome, or by episomal 
replication. A vector is "infective" when it transduces a cell, replicates, and 
(without the benefit of any complementary vector) spreads progeny vector of 
the same type as the original transducing vector to other cells in an organism or 
cell culture, wherein the progeny vectors have the same ability to reproduce 
and spread throughout the organism or cell culture. 

The phrase "specifically binds to an antibody" or "specifically 
immunoreactive with", when referring to a protein or peptide, refers to a 
binding reaction which is determinative of the presence of the protein in the 
presence" of a heterogeneous poparation of proteinsnancl"oth"erBiologics. I hus7 
under designated immunoassay conditions, the specified antibodies bind to a 
particular protein and do not bind in a significant amount to other proteins 
present in the sample. Specific binding to an antibody under such conditions 
may require an antibody that is selected for its specificity for a particular 
protein. A variety of immunoassay formats may be used to select antibodies 
specifically immunoreactive with a particular protein. For example, solid-phase 
ELISA immunoassays are routinely used to select monoclonal antibodies 
specifically immunoreactive with a protein. See Harlow and Lane (1988) 
Antibodies, A Laboratory Manual, Cold Spring Harbor Publications, New York, 
for a description of immunoassay formats and conditions that can be used to 
determine specific immunoreactivity. 

A "transgene" comprises a nucleic acid sequ nee used to form a 
chimeric or transgenic animal when introduced into the chromosomal material 
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of the somatic and germ line cells of a non-human animal by way of human 
intervention, such as by way of the methods described herein to form a 
transgenic animal. The particular embodiments of the transgenes of the 
invention are described in more detail hereinafter. 

An "embryonic target cell" is a cell into which the transgenes of 
the invention are introduced to produce "chimeric" animals (wherein only a 
subset of cells is transduced) or "transgenic" non-human animals (wherein 
every cell is transduced). Examples include embryonic stem (ES) cells, or 
preferably the fertilized oocyte (zygote). In some cases, chimeric animals can 
also be produced by isolating stem cells from an animal, transducing them in 
vitro, and reinf using them into the original donor or into an allogeneic recipient. 

"Expresses" denotes that a given nucleic acid comprising an open 
reading frame is transcribed to produce an RNA molecule. It also denotes that 
a given nucleic acid is transcribed and translated to produce a polypeptide. 
"Gene product" refers to the RNA produced by transcription or to the 
polypeptide produced by translation of a nucleic acid. 

"Cloning a cell" denotes that a single cell is proliferated to produce 
a genetically and phenotypically homogeneous population of progeny cells 
descended from the single cell . 

"Phenotype" denotes a definable detectable heritable trait of a cell 
or organism, that is caused by the presence and action at least one gene. 

A "iigand" is a molecule or chemical compound that detectably 
and selectively binds to a reference molecule but not to other molecules, 
preferably with an affinity higher than 1 0"^ M, more preferably greater than 
10'^ M, and most preferably about 10"^ or higher. 

"Sensitivity to a selected chemical compound" means that 
exposure to a particular chemical compound reproducibly causes a cell to alter 
its metabolism in predictable ways, e.g. by inducing slower growth, apoptosis, 
proliferation, induction o or shutdown of certain genes, etc.. 

"Packaging" or "packaged" denotes that a specific nucleic acid or 
library is contained in and operably link d to a defined vector, such as an 
adenovirus associated vector. 
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2. Detailed d scription of the invention 
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A principal objective of this invention is to use a "library" of 
ribozyme genes containing all possible target recognition sequences to identify, 
isolate and/or characterize known and unknown genes that encode detectable 
phenotypic traits. It is also an object to use the library to selectively ablate 
known and unknown genes, preferably in vivo. 

To practice the methods of the present invention, it is necessary 
to produce a library of nucleic acids which encode hairpin ribozymes with 
randomized or pseudo-randomized recognition sequences. This library is then 
inserted into a vector of choice; the particular vector may differ as a function of 
the application. 

Several different types of ribozymes have been discovered and 
applied (for review see Cech and Bass (1986) Ann. Rev. Biochem 55:599; 
Kijima et al. (1995) Pharmac. Then 68:247), However, hairpin ribozymes are 
superior for a number of non-obvious reasons, described below. 

in generating a random ribozyme library, the most critical 
considerations are 1 ) the generation of a library with sufficient complexity to 
assure the presence of ribozymes uniquely specific for any and all given 
targetS7-and-2)-the competence to package~and~express7 as nearly as pos^^^ — 
the complete library. At the same time, the library must be small enough for it 
to be technically feasible to make, maintain, and reproducibly manipulate and 
use. 

However, given current technical capabilities, the synthesis, 
cloning into viral vectors and efficient delivery into cells of a complex library is 
not trivial. The more complex the library {i.e., the greater the number of 
individual ribozyme species), the more difficult it is to clone the complete library 
into a vector. As an example, a ribozyme library useful for identifying and 
targeting a gene within the human genome (estimated between 1 to 3 x 1 0^ 
base pairs) would require a ribozyme library of sufficient complexity to 
rec gnize any gene in the genome. In order to achieve a suitable degree of 
binding specificity, the target recognition site of the ribozyme should contain at 
least about 1 5 to 16 specific nucleotides. A completely randomized recognition 
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sequence of this size would comprise 4^^ = 1.1 x 10^ to 4^^ = 4.3 x 10^ 
different ribozyme species. Due to the inefficiencies of ribozyme-vector 
ligation, cell transfection, viral vector titer, etc. creating a usable library 
containing 1 to 4 x 10^ different ribozyme molecules and expressing the entire 
library in a population of transformed cells would be difficult, if not technically 
impossible. 

Fortunately, the hairpin ribozyme is unique in its requirement for a 

GUC or GUA within the target site. Due to this requirement, constructing a 

library with 1 5 specific nucleotides (to continue the example described above) 

requires only 1 2 random nucleotides, to recognize a substrate in the form: 

5^- NNNN XGUC NNNNNNNN -3^ or 5^- NNNN XGUA NNNNNNNN -3' (the underlined 

regions indicate basepairs formed with the ribozyme, where N = A,C,G or T 

and position X has no restrictions and does not interact with the substrate). 

19 7 

Such a hairpin ribozyme library has a complexity of 4 ' ^ (1.7 x 10^) different 
ribozyme genes or molecules. In comparison, a library of hammerhead 
ribozymes having a recognition sequence of 1 5 nucleotides comprises about 
10^ different species, which have fewer (if any) stringent sequence 
requirements in the target (Akhtar et aL (1995) Nature Medicine, 1:300; 
Thompson era/. (1995) Nature Medicine 1:277; Bratty et al. (1993) Bioctiim. 
Biophys. Acta., 1216:345; Cech and Uhlenbeck (1994) Nature 372:39; Kijima 
et al, (1995) Pliarmac. Ttier., 68:247). In other words, a hammerhead library 
involving a 1 5 nucleotide recognition site would require 64 times more 
individual ribozyme molecules than a hairpin library involving a recognition 
sequence of equal size. This is a substantfal difference. For this reason, 
constructing a hairpin ribozyme library, packaging it into a vector, and 
expressing the entire library in transformed cells is considerably more 
technically feasible than constructing a similar hammerhead library. 

Another advantage that hairpin ribozymes have over hammerhead 
ribozymes is their intrinsic stability and folding in vivo. The secondary structure 
of a hammerhead ribozyme, not bound to a target, consists of one helix that is 
only 4 nucleotides in length which is unlikely to remain intact at physiological 
temperature, 37^ C. (Akhtar et al, (1995) Nature Medicine, 1:300; Thompson 
era/. (1995) Nature Medicine A\ni] Bratty et aL (1993) Bioctiim. Biophys. 
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Acta.. 1216:345; Cech and Uhlenbeck (1994) Nature 372:39; Kijima eta/. 
(1995) Pharmac. Ther. 68:247). Indeed, the crystal structure of the 
hammerhead could only be solved when it was bound to a DNA or RIMA 
substrate (Pley et al. (1994) Nature 372:68; Scott et al. (1995) Cell 81 :991), 
suggesting that the hammerhead ribozyme does not have a stable structure 
prior to substrate binding. In contrast, the hairpin ribozyme contains two 
helices totaling 7 nucleotides (Figure 1), thus making it more stable under 
physiological temperatures and in the intracellular milieu which contains, among 
other things, RNases that can more effectively cleave RNAs lacking secondary 
structure. Furthermore, since the hairpin ribozyme has a more stable secondary 
structure prior to binding substrate, it would be less likely to improperly fold or 
interact with flanking sequences in the ribozyme RNA transcript. Sequences 
comprising a hammerhead riboyzme, however, would be free to interact with 
any extraneous sequences in the transcript resulting in the inactivation of the 
ribozyme. 

Another advantage that hairpin ribozymes have over hammerhead 
ribozymes is that the cleavage success rate of any given target sequence is 
higher for the hairpin ribozyme than for the hammerhead. This conclusion has 
been reached empirically, but can also be explained based on the difference 
-between-the^two ribozymes'-target requirernmtsr-The hammerhead — 
Is very promiscuous, requiring minimal sequence in the target (see above 
references). Due to its high promiscuity, it has a relatively low success rate 
when given a variety of potential sites. Conversely, the hairpin ribozyme has 
significantly more stringent requirements, where its substrate must contain a 
GUC. Due to the relative rarity of potential sites, the hairpin ribozyme has 
necessarily developed a higher success rate for cleavage. Indeed, nearly all 
(>90%?) of the potential ribozyme sites we have tested thus far have been 
cleavable by the appropriate hairpin ribozyme (U.S. applications Serial Nos. 
08/664,094; 08/719,953). 

Additionally, one of the applications of our hairpin ribozyme library 
is the generation of target-specific libraries (discussed in detail in section 2.h). 
One method uses the inherent ability of hairpin ribozymes to catalyz a 
trans-ligation reaction between cleavage products. This ligation capability is 
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significantly more active in the hairpin ribozyme than in the hammerhead 
(Berzal-Herranz et a! (1992) Genes and DevelQpm.ent 6:1). 

Finally, it has been determined empirically that the hairpin 
ribozyme functions optimally under physiological levels of magnesium (Chowria 
et al. (1993) Biochemistry 32:1088) and temperature (37^ C)^ whereas the 
hammerhead performs optimally at higher magnesium and temperature (Bassi et 
al. (1996) RNA 2:756; Bennett et al, (1992) Nucleic Acids Research 20:831). 
These observations become significant when developing and delivering 
ribozymes in vivo and indicate a clear advantage for hairpin ribozymes. 

a. Making and maintaining libraries of hairpin 

ribozyme-encoding nucleic acids having randomized 
recognition sequences 

Construction of a library that encodes hairpin ribozyme genes 
having randomized recognition sequences typically involves: 

1 ) Synthesizing nucleic acids which encode hairpin ribozymes having 
randomized recognition sequences using oligonucleotides randomized in the 
helix 1 and helix 2 regions of the ribozyme; the ribozyme libraries are generated 
including 6, 7, 8, 9, or 10 bases in the helix 1 region of the ribozyme gene; 

2) Inserting the library into an appropriate vector; 

3) transforming suitable cells {e.g., £- coli) to amplify the library; 

4) purification of the amplified library; 

5) packaging the library into expression vectors that efficiently transfect 
suitable target cells (e.g. HeLa or A549 cells; although adeno-associated viral 
vectors are preferred for ribozyme library gene cloning, others may be used). 

/. Synthesis of randomized ribozyme genes 

Synthesis of ribozyme-encoding nucleic acids with randomized 
sequences may be accomplished by any one of a number of methods known to 
those skilled in the art. See, e.g., Oliphant et al. (1986) Gene 44:177-183; U. 
S. Patents Nos. 5,472,840, and 5,270,163. In ne approach, the entire 
ribozyme-encoding nucleic acid is chemically synthesized by known methods 
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one nucleotide at a time, for example in an ABI 380B synthesizer. Whenever it 
is desired that a given position be randomized, all four nucleotide monomers are 
added to the reaction mixture. After synthesis, the end-products are 
sequenced by any method known in the art to confirm that the catalytic 
backbone of the hairpin ribozyme is invariant, and that the recognition 
sequence is randomized. 

In another approach, a randomized oligonucleotide is spliced to the 
catalytic region of the hairpin ribozyme. This avoids having to chemically 
synthesize the entire ribozyme. 

It should be noted that synthesis and delivery of ribozyme genes 
rather than RNA ribozymes per se is preferred in the present invention because: 
ribozyme genes allow for the constant and continuous production of ribozymes, 
the ribozyme gene is effectively delivered to the intracellular site of action, and 
stable gene delivery enables genetic selection of the loss of certain cell 
functions. The randomized library preferably includes at least 10^ ribozyme 

O Q 

genes; the upper limit (10*^, 10^ or more) depends on the number of residues 
in the recognition site, 

//. Insertion of randomized ribozyme genes into a cloning 
or_expression^vector 

Once the ribozyme library is generated, it is packaged into a 
cloning or expression vector by methods known in the art, and the packaged 
library is cloned into suitable cells and amplified. Although cloning and 
amplification are typically accomplished using bacterial cells, any combination 
of cloning vector and cell may be used. The cloned cells can be frozen for 
future amplification and use, or the packaged library can be Isolated and itself 
stored frozen or in lyophilized form. 

Typical cloning vectors contain defined cloning sites, origins of 
replication and selectable genes. 

Expression vectors typically further include transcription and 
translation initiation sequences, transcription and translation terminators, and 
promoters useful for regulation of the expression of the particular nucleic acid. 
Expression vectors optionally comprise generic expression cassettes containing 
at I ast one independent terminator sequence, sequences permitting replication 
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of the cassette in eukaryotes, or prokaryotes, or both, {e.g., shuttle vectors) 
and selection markers for both prokaryotic and eukaryotic systems. 
Additionally, the vectors contain a nuclear processing signal, appropriate 
spicing signals and RNA stability sequences and/or structures {e.g. stable 
stem-loops, etc.) at either 5' or 3' or both ends, all of which .will be present in 
the expressed ribozyme RNA transcript. Vectors are suitable for replication and 
integration in prokaryotes, eukaryotes, or preferably both. For general 
descriptions of cloning, packaging, and expression systems and methods, see 
Giliman and Smith (1979) Gene 8:81-97; Roberts ef a/. (1987) Nature 
328:731-734; Berger and Kimmel (1989) Guide to Molecular Cloning 
Techniques, Methods in Enzymology, Vol. 152, Academic Press, Inc., San 
Diego, CA (Berger); Sambrook et a/. (1989) Molecular Cloning - A 
Laboratory Manual {2nd ed.) Vols. 1-3, Cold Spring Harbor Laboratory, Cold 
Spring Harbor Press, N.Y., (Sambrook); and P.M. Ausubel et al. (eds.) (1994) 
Current Protocols in Molecular Biology, Current Protocols, a joint venture 
between Greene Publishing Associates, Inc. and John Wiley & Sons, Inc. (1994 
Supplement) (Ausubel). Product information from manufacturers of biological 
reagents and experimental equipment also provide information useful in known 
biological methods. Such manufacturers include the SIGMA chemical company 
(Saint Louis, MO), R&D systems (Minneapolis, MN), Pharmacia LKB 
(Piscataway, NJ), CLONTECH Laboratories, Inc. (Palo Alto, CA), Chem Genes 
Corp., Aldrich Chemical Company (Milwaukee, Wl), Glen Research, Inc., GIBCO 
BRL Life Technologies, Inc. (Galthersberg, MD), Fluka Chemica-Biochemika 
Analytika (Fluka Chemie AG, Buchs, Switzerland), and Applied Biosystems 
{Foster City, CA), as well as many other commercial sources known to one of 
skill. Particular expression vectors are discussed in greater detail below. 

The nucleic acids {e.g., promoters, vectors, and coding sequences) 
used in the present method can be isolated from natural sources, obtained from 
such sources as ATCC or GenBank libraries, or prepared by synthetic methods. 
Synthetic nucleic acids can be prepared by a variety of solution or solid phase 
methods. Detailed descriptions of the procedures for solid phase synthesis of 
nucleic acids by phosphite-tri ster, phosphotriester, and H-phosphonate 
chemistries are widely available. See, for example, Itakura, U.S. Pat. No. 
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4,401,796; Caruthers, et aL, U.S. Pat. Nos. 4,458,066 and 4,500,707; 
Beaucage, et aL (1981) Tetrahedron Lett. 22:1859-1862; Matteucci et ai. 
(1981) J. Am. Chem. Soc. 103:3185-3191; Caruthers, et aL (1982) Gerietic 
Engineering A'A'M) Jones, chapter 2, Atkinson, era/., chapter 3, and Sproat, 
et at., chapter 4, in Gait (ed.) (1984) Oligonucleotide Synthesis: A Practical 
Approach, IRL Press, Washington D.C.; Froehler, era/, (1986) Tetrahedron 
Lett. 27:469-472; Froehler ef a/. (1986) Nucleic Acids Res. 14:5399-5407; 
Sinha, ef a/. (1983) Tetrahedron Lett. 24:5843-5846; and Sinha, et al. (1984) 
Nucl. Acids Res. 12:4539-4557, which are incorporated herein by reference. 

b. Expression of the ribozyme gene library 

Once made, the ribozyme library is expressed in a variety of 
recombinantly engineered cells and organisms. 

A Cells to be transduced 

The compositions and methods of the present invention are used 
to transfer nucleic acids, particularly ribozyme-encoding nucleic acids, into a 
~wia^variet\rof"ceirty 

delivery of nucleic acids can be to any cell that can be grown or maintained in 
culture, whether of bacterial, plant or animal origin, vertebrate or invertebrate, 
and of any tissue or type. Although any prokaryotic or eukaryotic cells may be 
used, the preferred cell will be one In which the target gene is normally 
expressed (Le. liver cells for liver-specific genes, tumor cells for oncogenes, 
etc.) or has been caused to be expressed. Furthermore, the cell would 
preferably contain a reporter or sortable gene to expedite the selection process. 

The culture of cells is well known in the art. Freshney (1994) 
Culture of Animal Cells, A Manual of Basic Technique, (3d ed.) Wiley-Liss, 
New York; Kuchler et aL (1977) Biochemical Methods in Cell Culture and 
Virology, Kuchler, R.J., Dowden, Hutchinson and Ross, Inc., and the 
references cited therein provide a general guid to the culture of ceils. Cultured 
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cell systems often will be in the form of monolayers of cells, although ceil 
suspensions are also used. 

//'. Transduction methods 

There are several well-known methods of introducing nucleic acids 
into bacterial, animal or plant cells, any of which may be used in the present 
invention. These include: calcium phosphate precipitation, fusion of the 
recipient cells with bacterial protoplasts containing the nucleic acid, treatment 
of the recipient cells with liposomes containing the nucleic acid, DEAE dextran, 
receptor-mediated endocytosis, electroporation, micro-injection of the nucleic 
acid directly into the cells, infection with viral vectors, etc. Cationic 
liposomes-mediated delivery of AAV-ribozyme-library pro-vector plasmid may be 
employed (Philp et aL (1994) MoL CelL Biol. 14:2411-2418). 

Contact between the cells and the genetically engineered nucleic 
acid constructs, when carried out in vitro, takes place in a biologically 
compatible medium. The concentration of nucleic acid varies widely depending 
on the particular application, but is generally between about 1 micromolar and 
about 10 millimolar. Treatment of the cells with the nucleic acid is generally 
carried out at physiological temperatures (37° C) for periods of time of from 
about 1 to 48 hours, preferably of from 4 to 12 hours. For viral transduction, 
cells are incubated with vector at an appropriate multiplicity of infection 
(m.o.i.)(depends on application, see below) for 4 to 16 hours (Flotte et at. 
(1994) Am. J. Resp. Cell MoL BioL 11:517). 

In one group of embodiments, a nucleic acid is added to 60-80% 
confluent plated cells having a cell density of from about 1 0^ to about 1 0^ 
cells/mL, more preferably about 2x10"^ cells/mL. The concentration of the 
suspension added to the cells is preferably of from about 0.01 to 0.2 
micrograms/mL, more preferably about 0.1 micrograms/mL. 
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R port r g nes which may b used 



A reporter gene (also, marker gene) Is one whose gene product is 
readily inducible and/or detectable, that is used to detect cells that are 
transduced with a vector that encodes the reporter gene, to isolate and clone 
such cells, and to monitor the effects of environmental and cytoplasmic factors 
on gene expression in the transduced cells. Preferred reporter genes are those 
that render cells FACS-sortable: e.g., genes for fluorescent proteins, including 
green fluorescent protein <GFP) and any mutant thereof; nerve growth factor 
receptor (NGFR) and any mutant thereof; genes for cell surface proteins that 
may be coupled to easily detected ligands such as fluorescent antibodies. 
Specific reporter genes that can be selected for or against in tissue culture, 
which may be used herein include the hprt gene (Littlefield (1964) Science 
145:709-710), the tk (thymidine kinase) gene of herpes simplex virus 
(Giphart-Gassler ef a/. (1989) Mutat. Res. 214:223-232), the nDtlf gene 
(Thomas era/. (1987) Ce// 51 : 503-51 2; Mansour ef a/. (1988) Nature 
336:348-352), or other genes which confer resistance or sensitivity to amino 
acid or nucleoside analogues, or antibiotics, etc. 

For the most part, reporter genes are used herein to Identify cells 
that have been transduced with nucleic acids that encode a ribozyme and or a 
gene of interest. It is possible that a given cell clone identified as 
under-expressing the reporter gene may contain a ribozyme gene that cleaves 
the gene product of the reporter gene instead of the gene of interest, in which 
case the ribozyme genes against the reporter gene will be mis-identified as 
ribozymes directed against the gene of interest. Thus, it is preferable to 
generate a cell line that co-expresses at least two or three different reporter 
genes linked to the gene of interest. Only ribozyme genes that inhibit the gene 
of interest will result in under-expression of more than one reporter gene 
simultaneously. Alternatively, It may be necessary to pre-screen the library to 
ensure that the reporter RNA is not the target of the ribozyme attack. In 
addition, pre-screening may also be required to ensure that the presence of any 
reporter RNA does not alter accessibility or structure of the target RNA. 
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/V. Vectors useful for maximal rib zym xpression 

A number of viral vector systems can be used to express ribozyme 
Lbranes in vivo, including retroviral vectors, vaccinia vectors, herpes simplex 
vectors, Sindbis/semliki forest viruses, adenoviral vectors, and 
adeno-associated viral (AAV) vectors. Each vector system has advantages and 
disadvantages, which relate to host cell range, intracellular location, level and 
duration of transgene expression and ease of scale-up/purification. Optimal 
dehvery systems are characterized by: 1) broad host range; 2) high titer/;c/g 
DMA; 3) stable expression; 4) non-toxic to host cells; 5) no replication in host 
cells; 6) ideally no viral gene expression; 7) stable transmission to daughter 
cells; 8) high rescue yield; and 9) lack of subsequent replication-competent 
virus that may interfere with subsequent analysis. Choice of vector may depend 
on the intended application. 



(a) AAV vectors 

Because of their demonstrated ease of use, broad host range, 
stable transmission to daughter cells, high titer/microg DNA, and stable 
expression, (Lebkowski et al. (1988) Moi. Cell. Biol. 8:3988-3996), 
adeno-associated viral vector are preferred to deliver ribozyme library genes into 
target cells. See, e.g., D.V. Goeddel (ed.) (1990) Methods in Enzymology 
Vol. 185, Academic Press, Inc., San Diego, CA or M. Krieger (1990) Gene 
TRANSFER AND EXPRESSION ~ A LABORATORY MANUAL, Stockton Press, New York 
NY, and the references cited therein. AAV requires helper viruses such as 
adenovirus or herpes virus to achieve productive infection. 

AAV displays a very broad range of hosts including chicken, 
rodent, monkey and human cells (Muzycka, N., 1992 Curr. Top. Microbiol 
Immunol. 158, 97-129; Tratschin et al.. 1985, Mol. Cell. Biol. 5:3251-3260- 
Lebkowski et al.. 1988. Mol. Cell. Biol. 8:3988-3996. They efficiently 
transduce a wide variety of dividing and non-dividing cell types in vitro (Flotte 
T.R, etal.. 1992. Am. J. Respir. Cell. Mol. Biol. 7, 349-356; Podsakoff G et 
a/. 1994. J. Virol. 68 5655-5666, Alexander, 1.2. etal. 1994 J. Virol 68 
8282-8287). AAV vectors have been demonstrated to successfully transduce 
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hematopoietic progenitor oe.l. of rodent or human origin (Nahr ini, Py e, a,.. 
1991 , Blood, 78:2079). it is believed that AAV could virtually infect any 

mammalian cell type. 

Moreover, the copy number for the neo gene introduced by the 
AAV vector is more than 2 orders of magnitude higher than that of retroviraliy- 
transduced human tumor-infiltrating lymphocyte (TIL, cell cultures. Long-term 
/„ Wvo gene expression has recently been demonstrated in the lungs of rabb.t 
and primates that received AAV-CFTR vector in a local pulmonary 
for up to six months (Conrad, C.K., et a/. 1996. Gene Therapy 3, 658-668). 
Administration of the AAV-CFTB gene product resulted In consistent gene 
transfer, and persistence of the gene in one human parent out to 70 days (lOth 
Annual North American Cystic Fibrosis Conference, Orlando, Florida, Oct. 

25-27, 1996). . 

integration is important for stable transgene expression, especially 

in cells that are actively dividing. Site-specHic integration is even 
.here is less chance of disrupting a cellular gene, less chance of ,nact.vat,ng the 
target gene by the Insertion and it lends itself to more consistent expression of 
the delivered transgene. In the absence of helper virus functions, AAV 
--H„tegrates-(site=specfficaji,,jmpaJ,o«ce^ 

genome has no pathogenic effect. The integration step allows the AAV 
genome to remain genetically intact until the host is exposed to the appropna e 
environmental conditions (e.^.. a ly«c helper virus), whereupon ,t re-enters the 
lytic life-cycle. Samulsk, (1993) Curren, 0„n,on >n Geneva 
3-74-80, and the references cited therein provides an overview of the AAV life 
cycle, see also west era/. (1987, V/ro/ogy 1 60:38-47: barter era/ (1989, 
U S. paten. No. 4,797.368: Carter et s, (1993, WO 93/24641: Ko.n ( 994, 
Human Gene Therapy 5:793-801: Muzyczka (1994, J. CUn. ,n.es,. 94:1351 
and Samulski. supra, for an overview of AAV vectors. 

Although wild-type AAV reportedly integrates efficiently at a 
specific site on chromosome 19 (Kotln RM. e, a/., Prcc Nat, Acer, So, USA 
1990- 87 2211-2216; Kotin RM. eta,. EMBO J 1992. 11:5071-6078: 
samulski RJ eta,. EMBO J 1991. 10:3941-3960 Samulski RJ. Curr Op,n 
Biotech 1993. 3:74-80, recent evidence indicates that rep-deleted AAV vectors 



wo 98^2880 

PCT/US98/0H96 

32 

do not integrate with any appreciablp offi • 

.1334, .... cJj:s:^^t.t:z°' ^'^^ "-"^ 

nerapy3:74a- Fisher Art» "-^"-^^l' K«=rns«a/. (1996) Gene 
f y ''^^ Fisher-Adams « a/. (1995, 3 

-ng Souftern and fluorescn. «y„ hybridization (f1 , T 

that rAAV integrates into a finit. >. analyses, indicates 

spots ,or reco^lnaZ ""^^ " --"'v Hot 

easily "rescued" from t^l ^AV-nbozyme expression cassene can be 
AAV .ra, ProtlraTd 1 ^^^^^^^^^^ ~ — " - the 

S:326,.3260; Samu. iT. e, ' (^Ir''"- "^'^ 

amulslcr, R.J. e/ a/ (1982) p/y^s USA 79-2077 ?nHi 

Tratschin era/. ,,985, Mo,. Ce,, BloL 5:325,-3260, r,-'"^'''"'^'- 
purification and identification o, selected rib! " 
other molecular biology technipuH ""'""^"'^ 

.he ribozyme'liriTor,*" -'^=8'"^ 
follows: "■""^^■"^ """'V is monitored as 

,ene are tranrceZr ir an^Tv "^'^ ^ 

and cultured in the pre Ic of °' ^^^ """Vme-Ub vector, 

in tne presence of gancyclovir and G41 8 CelK 1 ., 
functional ribozyme that cleaves the tk mRNA •,. ' 

and die. Cells that inactivate the HSV r "^"^^^ 
specific ribozymes will surv ve Sur ""^ ™- 

nov TK ribozyme is determined bv PGR of rih«, 
-owed by secuencing analysis of «,e ampiL " pr:; IT 
sequences that are complementary .0 regions of 1 T.enT 
used as a gene probe for HSV tk gene On J I 

«k have been isolated their ' , '"active 
into ■disab.ed"lTz^;^:; ^""^ converting them 

a«ec«ng substrate h^g Jeet^ o^ ^ r 

ribozyme effects abov. f ^^^z/^P^/Zs/; /,ef ^ee/, 

analyzing th t eCrr ^ "V 
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be used as the .arge. for testing the complexity of the 
library vector. 

(b) Retroviral vectors 

=»«n hp used in certain applications. The 
Retroviral vectors may also be usea 

.e.gn Of ,etLa. .ecto. ,s «e„ .owh to '^^^ -iZ:^: 
,or packagmg of retroviral RNA encapsidation of 

,enon,io RNA. H-^^' ^,„„„es from wh.ch these 

synthesis of all virion prote.ns. Ret^ ■ 9 ^^^^^ 
sequences have been deleted, as well as ce^l 

genome stahly Integrated Into the ^-""^^ 2Z retroviral vectors and 
are used to construct retroviral vectors. ''-P-^^ ° European Patem 

BlotechwQues 6.608-61*, w. ^^^^^ 

A.O. .133^> ■^"'Twc^a ovals entitled "Retroviral Vectors 

Useful in Gene Therapy. The teacnu y 

incorporated herein by reference. recombinantly 
The retroviral vector particles are preparea oy 

of replication in the host cell and cap ^^.^ ^ 

,eno.e as a proviral se.uence — n^^^^^^^^^^^^^^ ^^.^^ 
r suit, the host cell produces the gen product encod 



interest. 
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required for paoKaglno " ' "^'eins 

nucleic acid sequences necessarv f„! ! 

«ne. an in,ec«ous dene o. a desired re',™ ' 

been deleted. Is cons.uc,ed 1^" "as 

~ proteins .u. .e inuod irr:: ::■ ~ ~ - 

Al,erna«ve,y, padcaglns cell lines can H " "^^'^-^-O- 

one or .ore e.preLon ::::: ^ ' " ^ 

envelope proteins. In these cells the ~re and 

from the same or different retroviruses 

are avallahle t TZ^'tZZ'' '17 ^ ~ ~ 

^A3,. and P<3,3. s.e Miller r/aM s .Trrr^^ '"'"^ '^^^ 
incorporated herein by reference P 66:2220-2224, which is 

-c„.ed in cone, aid JZl'^.T ^ 
^-^e..o.Sc^„,as. as..,. 8,.6349 6353 H 

Mulligan (1983) Proceedina. , " ^"^ ^^nos, O. and R.c. 

-.460-6464,. : zTri"^^^^^^ 

Amphotropic or xenotropic envelope' °" '"^""''^•^^ "v reference. 

PA3,7 and GPX pac j;:: -^-^ - P^-uced hy 

vectors. ' ^l^" "»<^ " package the retroviral 

*e past, andl'lTe iri^ '""^ ~V In 

*e vector Of choice for sle^l r 7 '^"^ '™ 
"W to high titer. 2, the v rus i ' " "> P'-^'V 

-ring storage or free.:;:: aV^vT" ""-"'^ 
would be a target for rlbo.ymes In «,! rn™™' ^^"^ 

integrate Into the host genortTeTnt """^ '""'^ 

noma, the integration step requires on round of cell 
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ai..sl.n, wNoh cou,d be problematic whea deWeHng >s in v>vo or ,o 
non-dividing cells. - - 

,cl Sindbis/Semliki Forest Viruses 
S.a— 1 .res, v.r.ses .Ber„u„d . .1 333. S^o.c^o..y 
• etr«nd RNA Viruses that replicate in the cytoplasm, 

, , .3, are ^^^'^^^^^^^^^^^ ,3,^,3 ot en«ee„se RNA. Sindbis 

are stably maintained, and can yield very y 

Tctors are .bus a «d tvpe o. vector useful ,or ,r,a.,-.al ut,l,tv. 

Promoters useful for riboryme expression 

The promoters used to control the gene expression from AAV 
The promo ^^^^.^^^ ^^^^ ^^^^^ 

.Cude: ,a, vira, promoters ^^^^J^J , 33,. 

TK promoter, p.O promoters fTratscbin, 

r:" r:.. «... ... ^----j^rrr 

such as the .mm^^^^^^ rn^n^ter, and .c, ..A po, 

(Var. Aca.. sc., USA „r the promoter f rom the 

adenovirus VAl gene ^u.o. ohk 
serial No. 08/719,953) 

Detection of nucieic acid presence and expression 
A number of embodiments of the present invention require 

techniques, are known to those of skill m the art 

, ...QOKl MllCLElC ACID HVBBIDIZATION, A PRACTICAL « 

and Higgins (eds., (1985. N cixk: ^^^^^^ ^^3^ 

IBL Press. Gal. and „, 3 particular 

John e< a;. (1369) Nan-^ 223:582-587. The 
hybridization format is generally no, criocal. 
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The probes c.„ be L JI „M . " "-"^^ 

a-. p.e..b. j:r ;;r;,:r^^ - - 

P~.es are e.p,.ea„v teste. L s ^ " I' T' 
Of selecting nucleic acid probe seouenc^' " ' " 

^or «an,p,e^eslr ~ ir rfr" 
nuoleic acid probes under the hybrid '° "'"P'^^ntary 

formamide at 42° c o,h '"^^ conditions of 50% 

selected. Generally stZenr"?' '"""^"^ -V also be 

-an .be .ber.a, .e,; prn^c;: 'r"r = 

-enotb and pH. Tbe l l^^Jr ^"""^ ^ "-"ed ionic 

PH. a, wblch 50% o, «,e J ^ -ength and 

P-. Typically, strin:::: ~ ^tir ' ~ 

concentration is a, leas, about 0 02 17 

'east about 60O c As other , ' ' "-P-ature Is a, 

~a«on, including, al jIlTas?" 

complementary strands ,h. composmon and size of a,e 

- — ing, ::e ;o:r::::::~ - of 

absolute measure of any one. -mportant than the 

Oligonucleotides for usp «r«K 
example, according ,„ solid 1" k "° ''"""'"^ synthesized, for 

described by Beaucage S L . r """^'"""^''"^ '™ster method «rst 
22(20,:,859.,862 usl an ^-«.e.™„.«,. 
-edbam-VanOeyL r; 

P~„„ Oligonucleotide It I '^-SlSS-eies. 
or by anlon-exohange HPLC as escrird T"' ^""'""'^ olectrophcresis 
"383, a 256:,37.,49 r ' ' 

can be yerified using the chemical^ T"" o«9onucleo«de 

facilitate .ete:~:.:r„:r : - » 

labeled by any one of styl" ml ! " '^"^ ™V 

seyera, me«,ods typically used to detect «,e presence 
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o, hybridized po,vnu=loo,,des. The most coa,mon me*od o, deteOon is ,he 
use Of autoradiography with 3h, ^^S, ^^C or 32p-,abe,ed probes or the 
nice Other labels inciude iigands whloh bind to labeled antibodies, 
.luorophores, chemiluminescen. agents, enzymes, and antibodies which can 
serve as specific binding pair members for a labeled ligand. (Ti|ssen, P., 
-practice and Theory of Enzyme Immunoassays" in Burden, R.H., van 
Khippenberg, P.H. (eds.) (1986) Ubobatobv Thch«,oues ,n Biochemistry ano 
MOLECULAR BIOLOGY, Elsevier, pp. 9-20.) 

One method for evaluating the presence or absence of particular 
nucleic acids in a sample involves a Southern transfer. Briefly, digested 
genomic DNA is run on agarose slab gels in buffer and transferred to 
membranes. Target nucleic acids are detected using labeled probes. 

Similarly, a Northern transfer may be used for the detec«on of 
particular RNA molecules. In brief, total RNA is isolated from a given cell 
sample using an acid guanldinium-phenol-chloroform extraction method. The 
RNA is then e.ectrophoresed to separate the RNA species and the RNA ,s 
transferred from the gel to a nitrocellulose membrane. As with J— . 
blots, labeled probes are used to Identify the presence or absence of particular 

— RNAS. ~,3„3^^^ „eans iorVexeiuin>^ ^^^^^^^'^^P^"^'''"' 
specific nucleic acid is in s>.u hybridization. In siw hybridization assays are well 
Town and are generally described in Angerer. e, a,. .1987) Me,/,o.s .n.yn,o, 
1 52-649-660. In an in situ hybridization assay, cells are fixed to a sol,d 
support, typically a glass slide. If DNA Is to be probed, the cells are dena«.red 
wi* heat or alKall. The cells are then contacted with a hybrtdizafon solu»on at 
a moderate temperature to permit annealing of labeled probes specific to the 
targeted nucleic acids. The probes are preferably labeled with radicsotopes or 

fluorescent reporters. 

The sensitivity of the hybridization assays may be enhanced 
through use of a nucleic acid amplification system which multiplies the target 
nucleic acid being detected. In vi,ro amplification techniques suitable for 
amplifying sequences for use as molecular probes or for generating nucle,c acid 
fragm „ts for subsequent subcloning are Icnown. Examples of techniques 
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is.,.. NASBA, are found in Berger sZb ''^"""'"^^ 

.1987, U.S. Pa»„. NO 4 e83 20:T « 

°' '*'683'202; Innis era/, (eds.) (l99o» p/-o « 

; ""'"^ '^-"""^ -^^PP*c««,„., Academic Press I tn n " 
Onnis); Arnheim & Levinson (October 1 ,990, cj^^l ^'"^ 

- 3:8.94.. Kwob ,,989, r:^:^;;; 'j::;.^- r 

eta,. (1990, ^c^tf. sc/ USA 87-1 fl7^ , 

C.a^. 35:1826; Landegren e,./ il988, J. , " ^'^ 

(1990, «/orecW„»,8 291 294 w = 1077-1 080; Van Brunt 

^^"^^^■W"^"'' Wallace (1989) Ge„e4 BRn 
Barringer er a/. ( 1 990, (j.™ po. , , -, ^ „ * 4. 560; 

^ . ^"■="''S'«'l<nananandMalek(190K, 
Biotechnology 13:563-564. 

A preferred method of amplifying target sequences is ,h» 
polymerase Chain reaction (PCR) m PCR ,erh„- ""^""^ '"e 

complementary to the two 3- h :d s o, * n T^" oligonucleotide primers 
are synthesized. The Poiymerase ch i retcr " " =~ 

;wo prime . see Innis, M., Oelfand. O..™:;— r. 

ess Sa^o T"'' ^ ™ "^^^^ '^-'"™- Academic 
Press, San D,ego. Primers can be selected to amplify entire re„i„ 

encoding a full-length ribo.yme or selected subsoduence or To am 
nucleic aold segments as desired. ^"'"^ 



w/. 



Detection of protein gene products 



Methods Of producing polyclonal and monoclonal antlhnH 
known to those of i« '""ocionai antibodies are 

a™ a ueo„„o„ — . coid spI:, r„ror:r 

B.s,e cu^ic. .„.«o.o.v ,4.h ed., .nge .e:cal7:b: 1 



PCTAJS98/01196 

WO 98/32880 

39 

Altos CA, and references cited therein; Coding (1986) Monoclonal 
Ant.bod.es: PR.NC.PLES AND PRACTICE (2d ed.) Academic Pr ss. New York, NY; 
and Kohler and Milstein (1975) Nature 256:495-497. Such techniques include 
antibody preparation by selection of antibodies from libraries of recombinant 
antibodies in phage or similar vectors. See, Huse et al. (1989) Science 
246:1275-1281; and Ward et al. (1989) Nature 341:544-546. For example, .n 
order to produce antisera for use in an immunoassay, an immunogen 
polypeptide or a fragment thereof is isolated or obtained as described herein. 
Mice or rabbits, typically from an inbred strain, are immunized with the 
immunogen protein using a standard adjuvant, such as Freund's adjuvant, and a 
standard immunization protocol. Alternatively, a synthetic peptide derived from 
proteins disclosed herein and conjugated to a carrier protein can be used as an 
immunogen. 

Polyclonal sera are colleoted and tltered against the imnnunogen 
protein in an immunoassay, for example, a solid pt,ase immunoassay with the 
immunogen immobilized on a solid support. Polyclonal antisera with a titer of 
lO'* or greater are selected and tested for their cross reactivity against prote,n 
related or unrelated to the Immunogen, using a competitive binding 
_ immunoassay. Sp ecific mon oclonal and polyclo nal antibodies and antisera will ^ 
usuany'bind to the immunogen with a of at least about . rmM7more usually 
at least about 1 micromolar, preferably at least about .1 micromolar or better, 
and most preferably .01 micromolar or better. 

A number of immunogens may be used to produce antibod.es 
specifically reactive with a particular peptide antigen. Recombinant protein is 
the preferred immunogen for the production of monoclonal or polyclonal 
antibodies. Naturally occurring protein may also be used either in pure or 
impure form. Synthetic peptides made using the sequences described herein 
may also used as an immunogen for the production of antibodies to the protein. 
Recombinant protein can be expressed in eukaryotic or prokaryotic cells as 
desorib d above, and purified as g nerally described above. The product .s 
tt,en injected into an animal capable of producing antibodi s. Btiter monoclonal 
or p lyolonal antibodies may be gen rated, tor subsaqu nt use In 
immunoassays to measur the prot in. 
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Methods of production of polyclonal antiK^w- 
of skill in the art In brief an imm ^"^'^^^'^^ are known to those 

art. '"brief, an immunogen, preferably, a purified orotein ic 
m.xed With an adjuvant and ani.als are immunised. The anilalTir' 

animal and antisera are prepared Fnrthn. * • collected from the 

lane, supra). oesired. {5ee Harlow and 

Monoclonal antibodies may be obtain^rt kw , • 

myeioma cell (See, Koh er and Milstein nQ7ci c , . 

yj iviiisiein (1976) Eur. J. Immunol 6 *5ii mo 

.ncon,o.a.ed herein by reference,. Alternative methods o, ,™ 

are .reene. .r ....n ^^ZZ::^^::^^^ 

..iw vertebrate host. Alternatively, one may isolate nucleic 

hl:~ ^"^"^ ^ ~V or a binding fragmen 

thereof by screening a DNA library from human B r^iic » 

protocol outlined by Huse et el (1 sasT . '° '° 

"V nuse, etal. (1989) Sc/e/?ce 246:1275-1281 

n,e«,ods Jr"'"'" ^ "^^'^'^ Of immunoassay 

methods. For a review of Immunologrcal and .™nunoassay procedures in 

VZITT' "'"'"^ ^* - A Terr 

^Zed in """""""'-'■V^ P-sen. invention can be 

gg . E.T. (ed.) (1980) En^y„,e lmmuno.sssy. CRC Press, Boca Raton 
Florida; Tljssen. P. ,,985, "Practice and Theory of Enzyme S 

Sconce Puhiishers B.V. Antsterdam; and. Hariow and Lane, Ai^eo^r A 
UBo™ M.«u., s^., each of .hicH is incorporated herein yllce 
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Immunoassays to peptides of the present invention may use a 
polyolonal antiserum which was raised to a defined protein, or a fragm nt 
thereof. This antiserum is selected to have iow crossreactivity against other 
proteins and any such crossreactivity (for example, cross-reactivity against 
equivalent proteins from different species or tissues) is removed by 
immunoabsorbtion prior to use in the immunoassay. 

in order to produce antisera for use in an immunoassay, the 
antigen protein, or a fragment thereof is isolated as described herein. For 
example, recombinant protein is produced in a transformed call line. An inbred 
strain of mice such as balb/c is immunized with the selected protein of using a 
standard adjuvant, such as Freund's adjuvant, and a standard mouse 
immunization protocol. Alternatively, a synthetic peptide derived from the 
sequences disclosed herein and conjugated to a carrier protein can be used an 
immunogen. Polyclonal sera are collected and titered against the immunogen 
protein in an immunoassay, for example, a solid phase immunoassay «rtth the 
immunogen immobilized on a solid support. Polyclonal antisera with a titer of 
10'' or greater are selected and tested for their cross reactivity against proterns 
other tttan the antigen, using a competitive binding immunoassay such as the 
on e described in Harlow and Lane, supra, at pages 570-573. 

immunoassays in the competitive binding format canTre-used-for 
the crossreactivity determinations. For example, the selected protein can be 
immobilized to a solid support. Proteins (either distinct from, or related to. *e 
antigenic protein) are added to the assay which compete with the binding of 
the antisera to the immobilized antigen. The ability of the above proteins to 
compete with the binding of the antisera to the immobilized protein is 
compared to the antigenic protein. The percent crossreactivity for the above 
proteins is calculated, using standard calculations. Those antisera with less 
U,an 10% crossreactivity with tiie antigenic proteins are selected and pooled. 
The cross-reacting antibodies are optionally removed from ti,e pooled antisera 
by immunoabsorbtion with tiie above-listed proteins. 

The Immunoabsorb d and pooled antisera are tti n us d in a 
competitive binding immunoassay as described above to compare a second 
prct in to the immunogen protein. In order to make ttiis comparison. ti.e two 
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tran.„,„, ' ""'y^^"^ 'including pepflde 

=1— ra:,™: r ^ - — - 

~g .an,p,e pt„d..s .rctrl :r ^^^^^^^^ 

« niier, a nylon filter, or derivatized nylon filtPri 

anybodies are direotiv labe L , " "^'^"^ 

.abeiing agent. J^a antodr 7!:^^^^^^^^^^ — 
Where the antih.H ' ^^^^^ anti-mouse antibodies 

- i2:z::: - - - — - ~v .nd to 



c. 



Isolation of nucleic acids 



j.i^ea /n vitro. Finally, mixtures of nucleic ariWo u . 
on aoarose ,e.s, and Individual hands excised " ^'--phoresed 

Methods for making and screening cDNA and genomic DNA 
libraries are well known. See Gubler U «nH u « S^nomic DNA 

25-26-:i 9ftQ .0 ' Hoffman, B.J. (i 983) Gene 

-ib, 263-269 and Sambrook et al sunra t« 

a/, supra. To pr pare a genomic library, the DNA 
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is generally extracted from cells and either mechanically sheared or 
enzymatically digested to yield fragments of about 12-20kb. The fragments are 
then separated by gradient centrifugation from undesired sizes and are 
constructed in bacteriophage lambda vectors. These vectors and phage are 
packaged in vitro, as described in Sambrook, et al. The vector is transfected 
into a recombinant host for propagation, screening and cloning. Recombinant 
phage are analyzed by plaque hybridization as described in Benton and Davis 
(1977) Science 196:180-182. Colony hybridization is carried out as generally 
described in M. Grunstein et al. <1975) Proc. Natl. Acad. Sci. USA.. 

72:3961-3965. 

A cDNA library is generated by reverse transcription of total 

cellular mRNA, followed by in vitro packaging and transduction into a 

recombinant host. 

DNA encoding a particular gene product is identified in either 
CDNA or genomic libraries by its ability to hybridize with nucleic acid probes, 
for example on Southern blots, and these DNA regions are isolated by standard 
methods familiar to those of skill in the art. See Sambrook et al. 

Once a desired nucleic acid is detected in a mixture of nucleic 

^acids, i t is ligated into an appropriate vector a nd introduced into an appropriate 

cell, and cell clones that contain only a particular nucleic acid are producedr 
Preferably, strains of bacterial cells such as E. coli are used for cloning, 
because of the ease of maintaining and selecting bacterial cells. 

PGR can be also used in a variety of protocols to isolate nucleic 
acids. In these protocols, appropriate primers and probes for amplifying a 
nucleic acid encoding a particular sequence are generated from analysis of the 
nucleic acid sequences listed herein. Once such regions are PCR-ampl.fied, 
they can be sequenced and oligonucleotide probes can be prepared from the 
sequence obtained. These probes can then be used to isolate nucleic acid's 

encoding the sequence. 

Other methods known to those of skill in the art may also be used 
to isolate particular nucleic acids. See Sambrook, et al. for a description of 
other techniques for the isolation of nucl ic acid encoding specific protein 
molecules. Improved methods of cloning in vitro amplified nucleic acids are 
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described In Wallace er e,. U.S. Pat. No. 5.426,039. Other methods recently 
described ,n the art are the nucleic acid sequence based amplification 
(NASBA-, Cangene. Mississauga, Ontario) and Q Beta Replicase systems 
These systems can be used to directly identify mutants where the PGR or LCR 
pnmers are designed to be extended or ligated only when a select sequence is 
present. Alternatively, the select sequences can be generally amplified using 
for example, nonspecific PGR primers and the amplified target region later ' 
probed for a specific sequence indicative of a mutation. 



d. 



Isolation and purification of polypeptide gene products 



The polypeptides of this invention may be purified to substantial 
punty by standard techniques, including selective precipitation with such 
substances as ammonium sulfate, column chromatography, immunopurification 
methods, and others. See. for instance, R. Scopes (1982) Prote.n 
PUB.HCAT.O.: PR,.c,PLHS ANO Pbact.ce, Springer-Verlag: New York, incorporated 
herem by reference. For example, the proteins and polypeptides produced by 
recombinant DNA technology may be purified by a combination of cell lysis 
(e.9.. sonication) and affinity chromatography or immunoprecipitation with a 
specific antibody to the target protein. For fusion products, subsequent 
digestion of the fusion protein with an appropriate proteolytic enzyme releases 
the desired polypeptide. The proteins may then be further purified by standard 
protein chemistry techniques. 



Ribozyme expression in transgenic and chimeric animals 



The ribozymes in the ribozyme library can be expressed in a 
Chimeric animal or in a non-human transgenic animal. The transgenic animals 
Of the invention comprise any non-human animal or mammal, such as 
non-human primates, ovine, canine, bovine, rat and murine species as well as 
rabbit and the like. Pr ferr d non-human animals are s .ected from the rodent 
family, including rat, guinea pig and mouse, most pr ferably mouse 
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Generally, a female non-human animal is induced to superovulate 
by the administration of hormones such as follicle-stimulating hormone, the 
eggs are either collected and fertilized in vitro or the superovulated female is 
mated to a male and the zygotes are collected, and the zygote is transduced 
with one or more selected vectors comprising a ribozyme library and/or a 
preselected nucleic acid. In the case of zygotes the preferred method of 
transgene introduction is by microinjection. However, other methods such as 
retroviral or adenoviral infection, electroporation, or liposomal fusion can be 
used. 

Specific methods for making transgenic non-human animals are 
described in the following references: Pinkert C.A. (ed.) (1994) Transgenic 
ANIMAL technology: A LABORATORY HANDBOOK Academic Press and references 
cited therein; Pursel et al. (1989) Genetic engineering of livestock. Science 
244:1281-1288, especially p. 1282-1283, Table 1 at p. 1283; Elbrecht A. et 
al. (1987) "Episomal Maintenance of a Bovine Papilloma Virus Vector in 
Transgenic Mice," MoL Cell. Biol. 7(3):1 276-1 279; Hammer et al. (1985) 
"Production of transgenic rabbits, sheep and pigs by microinjection," Nature 
315:680-683; Hughes et al. (1990) "Vectors and genes for the improvement of 
animal s trains" J. Reprod. Pert.. Suppl. 41:39-49 ; Inoue et al. (1989) 
"Stage-dependent expression of the chicken _-crystallin ge-ne in transgenic fish - 
embryos," Cell Differen. Devel. 27:57-68; Massey, J.M. (1990) "Animal 
production industry in the year 2000 A.D.," J. Reprod. Pert.. Suppl.. 
41:199-208; Rexroad, C. et al. (1989) "Production of Transgenic Sheep With 
Growth-Regulating Genes," Mol. Reprod. Devel. 1:164-169; Rexroad, C. et al. 
(1990), "Insertion, expression and physiology of growth-regulating genes in 
ruminants," J. Reprod. Pert.. Suppl., 41:119-124; Simons et al. (1988) "Gene 
transfer Into sheep." Bio/Technology, 6:179-183; Squire et al. (1989) "in vitro 
testing of a potential retroviral vector for producing transgenic livestock." Am. 
J. Vet. Res., 50(8) 1423-1427; Wall, R. J. (1989) "Use of transgenic animals 
in livestock improv ment." Animal Genetics, 20:325-327; Ward et al. (1990) 
"The potential of transgenic animals for improved agricultural productivity," 
Rev. Sci. Tech. Off. Int. Epiz., 9(3):847-864; Westphal, H. (1989) "Transgenic 
mammals and biotechnology," The FASEB Journal , 3:117-120, all of which are 
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incorporated by reference. There is even a Journal, 'Transgenic Research 
exclusively dedicated to this field. 

In the mouse, the male pronucleus reaches the size of 
approximately 20 micrometers in diameter which allows reproducible injection 
Of 1-2 PI Of DNA solution. The use of zygotes as a target for gene transfer has 
a maior advantage in that in most cases the injected DNA will be incorporat d 
.nto the host gene before the first cleavage (Brinster, et al. (1985) Proc NatL 
Aca,. Sol. USA 82:4438-4442). As a consequence, all cells of the transgenic 
non-human animal will carry the incorporated transgene. This will, in genera, 
also be reflected in the efficient transmission of the transgene to offspring of' 
the founder since 50o/o of the germ cells will harbor the transgene. 

The gene sequence being introduced need not be incorporated into 
any k.nd of self-replicating plasmid or virus (Jaenisch (1988) Science 
240:1468-1474 (1988),. Indeed, the presence of vector DNA has been found 
m some cases, to be undesirable (Hammer et al. (,987) Science 235:53- Chada 
etal. (1986) /Var^re 319:685; Kolliase^a/. (1986) Ce// 46:89; Shani (1986) 
Molec. Cell. Biol. 6:2624 (1986); Chada etal. (1985) Alature. 314:377- 
Townes et al. (1 985) EMBO 4: 1 71 5). 

Once members of a ribozyme library, or any other DNA molecule 
are .njected into the fertilized egg cell, the cell is implanted into the uterus of a 
receptive female (/.e., a female whose uterus is primed for implantation, either 
naturally or by the administration of hormones), and allowed to develop into an 
an,mal. Since all of the animal's cells are derived from the implanted fertilized 
egg, all of the cells of the resulting animal (including the germ line cells) shall 
contain the introduced gene sequence. If, as occurs in about 30o/o of events 
the first cellular division occurs before the introduced gene sequence has 
.ntegrated into the cell's genome, the resulting animal will be a chimeric animal 

By breeding and inbreeding such animals, it has been possible to 
produce heterozygous and homozygous transgenic animals. Despite any 
unpredictability in the formation of such transgenic animals, the animals have 
generally been found to be stable, and to be capable of producing offspring 
which retain and express the introduced gene sequenc . 
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The success rate for producing transgenic animals is greatest in 
ru^ce Approximately 25% of fertilized mouse eggs into which DNA has been 
injected, and which have been implanted in a female, will become transgenic 
mice. 

AAV or retroviral infection can also be used to introduce a 
transgene into an animal. Here, AAV are preferred because higi> nn.o.i. 
infections can result in multiple copies stably integrated per cell. Multiple 
copies of transgene are beneficial because: (a. increased level of transgene ^ 
expression, (b, it reduces the chance that the target cell will lose or "kick out 
the transgene, (c) transgene expression is no, completely lost if one copy ,s 
mutated or inactivated and (d) it increases the likelihood of transgene 
expression In all lineages when the original target cell undergo any 
differentiation. The developing non-human embryo can be cultured ,n .,uo to 
the blastocyst stage. During this time, the blastomeres can be 
retroviral infection Uaenich ,1976, Proo. N.„. Acs,. So/ USA 73:1260.126*,. 
Efficient infection of the blastomeres is obtained by enzymatic treatment to 
remove the zona pelluclda (Hogan, et a/. ,1986, in Manipulating the Mouse 
EMBRYO, cold spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.,. The 

v|ral-vector_syste m used to lntrod _ uce the transgene is tYP i°allyj 

repl,ca«on-de»ective retrovirus carrying the transgene .Jahner e, aM19 5^ 
pro.. Natl. Acsd. SCI. USA 82:6927-6931: Van der Putten er a/. ,1985, P oc. 
Natl. Acad. Scl. USA 82:6148-6152,. Transfectlon is easily and efficiently 
ob«.ined by culturing the blastomeres on a monolayer of virus-producing cells 
,Van der Putten, supra: Stewart et al. ,1987, EMBO J. 6:383-388,. 
Arternatively. infection can be performed at a later stage. Vrus or 
Virus-producing cells can be injected into the blastocoele ,Jahner e, al. ,1982, 
Nature 298:623-628,. Most of the founders will be mosaic for the transgene 
since incorporation occurs only In a subset of the cells which formed the 
transgenic non-human animal. Further, the founder may contain vanous 
r troviral insertions of the transgen at different positions in the genome wh,ch 
generally will segregate in «,e offspring. In addition, it is also possible to 
introduce transgenes Into the germ line, albeit with low fficiency, by 
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292.154-156; Bradley era/. (1984, /Var..e 309:255-258; Goss.ere.a/ (1986) 
^/•oc. /Var/. Acad. Sci USA 83:9065-9069- an^ p k ^ 
322-445-448) Tr«nc Robertson a/. (1986) /Harare 

— oZ::~ :: r r: :~ r " 

The ES ce„s thereafter oo,on.« the embryo an. contribute to the germ Z o, 

or by retrovirus-mediated transduction. transfecbon 

in order to faciiitate the recoyeryo, those celis Which have 
e,ved the DNA moieouie containing the desired gene sequence, it is 

obmb.hat,o„ w,th a second gene sepuence which wouid contain a detectabie 

T oe r ' ~ '° conly iso-ate 

*e oe.. may be en,p.oyed as a detectabie .seiectable, ,.ar.er gene sequence 

ma*er seouen" <" detectabie .seiectable, ' 

^e,uire the expression o rdelrb: """"" 
.^h ar._ 

DMA amplmcabon techniques to speciflcaiiy amplify tt,e dna 

-Muiiis..,. „sse, co«s..„, ^irr^iT :rr: 
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... A cQ-a 009- Eriich U.S. Patent No. 4,582,788; 
Mullis et al.. U.S. Patent No. 4,683,202, Eriicn u. 

and Saiki ef a/. U.S. Patent No. 4,683,194). 

Most preferably, however, the detectable marker gene sequence 
Win be expressed in the recipient ce,., and w... resu.t in a selectable or at least a 
detectable phenotype. Selectable markers are well known to^hose of sk... .n 
..e art. Some examples include the gene (Littlefie.d (1964) Scenes 
145-709-710), the tk (thymidine kinase) gene of herpes simplex virus 
(Giphart-Gassler et a/. (1989) MutaU Res. 214:223-232), the nDtl, gene 
(Thomas et si, (1987) CeU 51:503-512; Mansour et a/. (1988) Nature 
336:348-352), or other genes which confer resistance to amino ac.d or 
nucleoside analogues, or antibiotics, etc. _ 

Thus, for example, embryonic cells which express an acfve HPRT 
enzyme are unable to grow in the presence of certain nucleoside analogues 
(such as 6-thioguanine, 8-azapurine, etc.), but are able to grow in med.a 
supplemented with HAT (hypoxanthine. aminopterin, and t^^vm.d.ne). 

^^^iwo WPRT enzvme are unable to 
conversely, cells which fail to express an acfve HPRT enzym 

. . uA-rr- Kilt arp resistant to analogues such as 
qrow in media containing HATG, but are resistani 

^vn„ Hm. .dnas e are able to grow in me dia oonta,n ,ng HAT, but are 
unable to grow in media oontain.ng nucleoside analogues such as 
bromo-deoxvuridine,Gipbart-Gass,ere,a/. .1989. Mats,. Res. 2^* "3-232.. 

« wc\/ aene are incapable of growing in the 
roiii contain nq an active HSV-tK gene aic n^- k 

c ot gangcviovlr or similar agents. Tbis strategy can be usetui ,o,U,w.ng 
ne delivery to either ES cells or untertilLed eggs. The HSV-t. approac . 
especially suited to ESmiastocyst delivery or se.elc«on o, developing zygotes 

nee L -bystander eftecf o, t. .Freeman er .1396. S.n.>n.s ,n Onoo.,y 
: 31; Chen e, a,. .1995. Human Gene Therapy 6:1467, will ... not only *e 
„ansduced oe..s but also the surrounding non-transduced ceil, if genes ,^ 
delivered to an untertiiized egg, both se,ec«on strategies can ^ appi.ed, most 
suitably once fertilization has occurred and the cells begin to d,vde. 

The detectable marker g ne may also be any gene v.h,ch can 
compensate ,or a recognizable cellular defici ncy. Thus. ,or examp|e. the gene 
,or HPBT could be used as th detectable marker g ne s ouence when 
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Have ™.a.. „;::;::::: • °' '° - 

Pluripotent cell, most preferably an .oi. Precursor 
"precursors in,e I .o 7 

^^^^^ 

Robeoson / '"""^"^ « *e CCE cell line disclosed by 

be acoo,.p,isbed according ,o .He n,e«,od 1,^!^ ™^ 
(iqH7iT„ <" Robertson in Robertson, E J (ad 1 

<1 987) TERATOCARCINOMAS AND EMBRYONIC STEM m , . . „ 

IRL Press Oxford Th» ^ Practical Approach, 

Which ha e a g~ " " 

selected ES S ' ""^""S Into an ani™,. Cionally 
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Culture Repository at 12301 ParWawn Dr.. Rockville, Maryland USA, under 
accession number CRL1 821. 

The ES cells are preferably cultured on stromal cells (such as STO 
cells (especially SNL76/7 STO cells) and/or primary embryonic G418 R 
fibroblast cells) as described by Robertson, supra. Methods for the production 
and analysis of chimeric mice are well known to those of skill in the art (see, 
for e.arr,ple, Bradley in Robertson, E.J. (ed.) (1987) Teratocarc.nomas and 

EMBRYONIC STEM CELLS; A PRACTICAL APPROACH, IRL PresS, Oxford. pp. 113- 

151). The stromal (and/or fibroblast) cells serve to eliminate the clonal 
overgrowth of abnormal ES cells. Preferably, the cells are cultured in the 
presence of leukocyte inhibitory factor ("lif") (Gough et al. (1989) Reprod. 
Fertil. 1:281-288; Yamamori et al. (1989) Science 246:1412-1416). 

ES cell lines may be derived or isolated from any species (for 
example, chicken, etc.) , although cells derived or isolated from mammals such 
as rodents, rabbits, sheep, goats, fish. pigs, cattle, primates and humans are 
preferred. Cells derived from rodents (i.e. mouse, rat, hamster etc.) are 
particularly preferred. 

f How to distinguish between ribozyme effects due only to 
• binding to t Re-target-RNA as-opposed-to-Gleavmg-the-RNA, 



Distinguishing between true catalytic activity and antisense 
activity is critical for the selection of active ribozymes. Assays in cell culture 
allow selection of specific ribozymes out af the AAV-delivered ribozyme library. 
Ribozymes initially selected inactivate expression of the target through either 
truly catalytic or simply antisense mechanisms. Less likely, although possible, 
the integration of the AAV genome could disrupt gene function as well. 

To confirm that an observed phenotype is ribozyme dependent 
(and not due to AAV integration or to a spontaneous incidental mutation 
elsewh re in the genome), the AAV-ribozyme genome is "rescued" from the 
host c II genome by transfection with a plasmid expressing the AAV viral 
proteins along with infection with wild type adenovirus. The AAV produced 
from these transfected/infected cells r scue and package the original 
AAV-ribozyme genome into new AAV particles. These are then used to infect 
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fresh ce„= and assayed for loss of gene function. Ribozy^e-dependen, activity 
would continue to knock out the specific gene. 

To verify that the ribozyme-dependent activity is due to catalytic 
rather than simply antisense. the selected ribozyme gene is structurally 
modified to abolish the cleavage activity witi,ou, affecting substrate binding 
Th,s ,s also important so that a unique probe to the gene, including the GUC 
can be generated. A tt,ree base mutation of AAA to CGU in loop 2 of «,e ' 
ha,rp,n ribozyme (Figure 1) has been identified that disables the ribozyme 
cleavage activity without disrupting its substrate binding (Anderson e, al 
(1994) Nuclelo Adds Res. 22:1096; OJwang era/. (1992) Proc. Natl Acad. 
Sol. USA 89:10802). This mutation is then introduced into the selected 
nbozymes by PCR amplification using the 3- disabled primer that contains the 
mutation This new pool of "disabled" selected ribozymes is then re-introduced 

AAV and assayed again for activity in cell culture. All AAV-disabled 
ribozyme clones that retain the ability to inactivate gene expression function 
through an antisense mechanism, while AAV-disabled ribozyme clones tt,a, lose 
th,s ability are indicative of an activity dependent on the rlbozymes catalytic 
activity. 



g. Uses of ribozyme gene vector libraries 



Hairpin ribozyme libraries with randomized ribozyme recognition 
s|tes are used in a variety of Ribozyme-Mediated Gene Functional Analyses 
(R.MGFA), in Which comparison of biological properties of cells with or without 
gene-inactivating ribozymes reveals the function and/or identity of a given 
gene 



The metitods described herein are used to detect and then isolate 
unknown genes ti,at result in a measurable phenotypic traits. A ribozyme ti,at 
IS shown to result in a given phenotype is isolated and sequenced The 
ribozyme recognition sequence is used to detect, isolate and characterize genes 
that contain sequences complementary to «,e recognition sequence For 
example, ttte methods of tite invention are used to detect genes titat mediate 
sensrtivity and resistance to a selected defined chemical substance; examples 
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•,„c,ude: drug tox.oiw genes; genes that encode resistance or sensitivity to 
carcinogenic chemica.s; genes that encode resistance or sens,t,v.w to 
ntecJns «itH speci.c vira. and bacteria, pathogens, -e -*od - *e 
invention are also used to detect unknown genes that medrate b,nd.ng to a 
gan d. such as hormone receptors, vira, receptors, and ce,. surtace n,ar.cers. 
L methods of the invention are a,so used to detect unknown tunnor 
suppressor, transformation, and differentiation genes. 

The simplest application of RIMGFA is the generafon of target 
specific libraries. Most RNA targets (vira, RNA. cellular mRNA. etc.. are ^ 
Selv large U.e. >1 Kb, and the seguence is no. aiways known^ e—v ,f 
the target RNA is generated from genomic DNA fragments "e^"--^! 
* pulaL genetics and restriction fragment length polymorphrsms (RR-Ps • n 
ad Ln we have found secondary structure within certain RNA targets to be a 

i us hindrance to ribcyme cleavage .Welch e, a,. ,.336, Oene r ..py 
7Z Historically, functional ribo^me cleavage sites have been deduced 
hllce, synthesizing individual ribozymes one a. a time and assayng the.r 
activity on a large target RNA >n .nro. Furthermore, in ™"V 'ns«n»s 
Hbozymes that cleave >n v/,™ do not cleave wVo .Welch e, ./ 336, O ne 
TVelv 3-334, one goal of this technology is to star, w.th a l.brary of 
~Tb :rs, — 

r,ch for specific ribozymes most active at inactivating the expression of a 
specific gene or ablating a specific gene function //. wvo. 

The particular phenotype and the method of measunng ,t vary w th 
the kind Of gene under examination. The effects of -^"2-"^^^, 

ra-rrtei-t 

rffec d genes. Effects on kinases are measured as changes in levels and 

ITof :hosphoryla«on. Hffects on tumor suppressors and oncogenes are 
measured as alterations in transformation, tumorigenicty, morphology, 
Tv iveness, adhesiveness and/or growti, patterns. The list of type o^^g J 
function and phenotype that is subiect to alteration goes on: vrai suscept,b,„ty 
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- HIV in,ec«cn; autohnmunity . inaCvatlon of lymphcoytes- dr ' 

specific libraries generation of target 

-n «... ... ,3 ::: ::: :~: 

c.ea.:a3e;rrr::;:rrr 

speo.c n.o.v.. .„ Jcrarp:;:;; ^^^^^^^ ~ - - 

can be se,ec.,ve,v an,p,med ou, o, *e Jrl The I T 

ribozy^s ,o be selected H h """"'"^ ^"'""le 

•o oe selected based on their ability to binrf ^i.. 

*o target. The target can be any RNA ,e <, 1, , °" °' 

has been converted to RNA It is Ce K, " " 
B- end .see below,, b. RNA ilo^ "^^ 
both of these methods will „„cv , Since 

— s. they are fa: Z:::::,:^^^:: ^ — 

such as brute force cloninn • w . P"^"shed and patented methods 

3..S3. or rrst::::n~r;^^^^^^ 

(1996, U.S. Patent No. 5 496 6981 Th 'D™Per er 

""Portant if ,he target RNa!s iarpe .e T "^"^ «-'^"v 

has an unsown sequence ' "''^ "^'^ 

. MUBiice {e.g. large chromosomal DMA fra««, ^ 

to RNA). fragments converted 
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, Tra„s-Uga.ion of specific .ibczymes ,o *eir Ceavage 

products 

The hairpin Hbcyma is capable of Ceaving a target BNA in both a 

^+ ^1 /1QRR^ Structure and Expression, 
cis and trans configuration (Bruenmg et ''''"^l^"" „ ,3, „e 

v„, 1 o 239-248; Hampel et al (1988) Biochemistry 28.4929). 
: it^'t • ealy cata,y.e the reverse of the Ceavage reaction an. rei.gate the 
cZge products to reform the origina, substrate RNA .Hegg et a, 1 96 

::r:re:r::rrl«cnb:afactoroften.Heggeta..99. 

^—'^ ^rXreaCon can be appiied in the genera.cn of target 
3pecif,c .ibrarics. An eiegant and efficient method for 

a universal up identification and sequence 

rrrorunrci^^^ 

..St be capabie of cataiyzing trans-.iga.on at the ~ ^^e 

„,get BNA. This can be accompiished by , , 

,-,brary that first undergoes an au.o,y«c '^'^'^^^^^IxnU^ of interest and, 
. u * ^ in « trans-cleavage reaction with the target ni>»« " 
rrr:;!:. riblyme .i,. become cov.en.y at.ched to the 

.rget at the s.e if '^-z::^:::^: ^^^-'^" - 

Spec,«ca.,y, a rib«^.e ^ 'r;,,, .ndomi„d. This iibrary 

inter-molecular helices l ana wi .„^:,pri cis-cleavage site 

o' «r.H a comolete V randomizea cis cieuvaa^ 
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from tt,e res, of the .ih . . ^ then 

purified 

cova,en«v anaoHe. .„ J.^ f ^ - — 

.rans-,iga«on ,eac«o„ ,Fi,„„ 10, 

- res..., eo.. Istrn Z ^ ^ "'"^ ^ ^ 

dovvnstream primer and , ' '"^ as the 

-c^vme se, r; ~' ""^^^^ ~ "V .He ,i,a,ea 

~d dire.. cr";:~ :r: " - 

~r ,.rar. .e se,eo.ed ri.o.me : ^rir 

« Immobilizing target RNA via its 5' end 

ana manv vira, B^m'" " ^ 

anti.od.es directedtai* , leT -noCona, 
We.er. .se, and imr:: ^^7" 
Uppsaia, Sweden, ,see Rgure 7, , Z, 

.ra. ..... ^jj^^ J: ~:: :r ~ "-^^ ^= 

can .e .ound to streptavidin-agarose .eads roe "o! ~ " 

oiigonucl otide «,« is biotinylated a. its 3- end J P ' 

Of «.e 30-mer is oompiementary to the B end c the t"" 

is a known viral or cellular RNA ti,e oLo . " 

RNA. ti,e ol,go .s designed based on the known 
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sequence of the RNA's 5' end. If the target BNA comes from genomic DMA of 
unknown sequence that has been converted to RNA via retrovirus packagrnfl, 
tt,e ollgo is designed based on the retroviral-speciflc immediate 5" sequence 
transcribed from the LTR. Ulcewise DNA cloned into in vitro «anscript,on 
vectors and transcribed by T7 RNA polymerase to yield the target, are 
engineered to contain specific 30 nt at their 6- end. upstream of the actual 
target sequence. In general. «ten. the 3' end of the specific 30-mer 
biotinylated oligo is bound to the streptavidin column and the 5' 30 n. b,nd «,e 
target RNA by Watson-Crick base pairing (see Figure 7). To prepare the 
column, the biotinylated oligo is incubated with the beads and unbound o^^go ,s 
washed out. The target RNA is then mixed with the oligo column, heated to 
960 c and cooled slowly to allow annealing of the oligo and target RNA. The 
column IS then washed to remove unbound target RNA.. 



///. 



Immobilizing target RNA via its 3' end 



,t is occasionally necessary to Immobilize the target RNA by its 3' 
end If the target RNA is polyadenylated mRNA. a simple oligo daiso co'-nnn 
-would4>ind-the_target_ RNA (Pharmacia MFIgure 7). If the target RNA isnot 
polyadenylated (or if one wishes a stronger binding than simple Watson-Cnck 
basepairing). the 3' end of the RNA can be biotinylated using biofn-UTP 
(Sigma, St. Louis, MO. and terminal transferase (Promega, Mad.son, WD, 
according .0 the manufacturers. The biotinylated target can then be 
immobilized on streptavidin-agarose beads (Pierce, Rockfcrd II. (P-gure 7.. 



IV. 



Ribozyme Library Preparation 



THIS application involves the use of a library of randomized 
ribozymes as opposed to randomized ribozyme genes, in .i,ro synthesis of the 
ribozymes encoded by th library is accomplished by transcribing the 
double-stranded ribozyme gene library (described in Specific Example a.. w,«. 
T7 RNA polymerase, as described (W Ich. P.J.. et ai. (1996. Gene nerapy 
3.994-1001.. For later tracking and selection purposes, the ribozyme library 
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can be transcribe,. ,„ .be presence o, „ace amoams o, P-32 UTP Th 

radio-labeled (32p,uTP v„L "'"'-vmes can be 

binding o, «,e ribozvmel T " » "-e 

the nbozymes a, various stages of selection (see below). 

Ribozyme library selection 

The RNA target column is pre-treatart - 
as £. CO// rRNA or yeast tRNA. th k non-specific RNA (such 

magnesium, and the unbl h "° *^ ^"-"^ 
.Figure 8). ThI ^rdu es „" """'^""'"^ 

-yme library irlTn a '° - - 

non-specific RNA • • ^"'""^^ ^*th 

.indin: ":^ — -.yme 

nbozyme library can b! t ' ^ 

UTP, thus ~ ~ - 

the selection steps The ril 1 '"""Shou. all 

in molar excess oLl " ""^ '""^ "^^A is 

column fcZ g:tc:~r" "^'^^ - 

column is then washeTCo h '^'-Po^-tive results. The 

can be n»„ltored Jy ill :J C ^ 

Magnosium-contalnLlo "'^''''"'^ "-nd to the column. 

- the Slurry t rt^:^^^^^^^^^^^ ^ ~ 

cleavan*. t„ ^/ C for two hours to allow for substrate 

Cleavage to occur Wh^n a r.-u-. ""ouaie 

wnen a ribozyme successfully cleaves the tarnot 
temporarily acts at a "Krsn^ n B««ves tne target, it 

37- C and the ribozyme is raised fro t " ""'"^ « 

target R.A is immobLd :at3 a-"".^' " 

by the 7 bp helix Which »,M, *°^e remains bound 

also rapidly melt at 37- C (max T -27- r, 
Therefore, all "relaa«»rt- ,iK. """x i ~z2 C). 

released "bozymes are ones with activity against the target. 
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These are then elated and precipitated for amplification. Again, the specificity 
of the binding and cleavage reactions can be monitored by following the 
radioactivity present in the transcribed ribozymes. For proof that the selection 
procedure is successful, the initial library can be "spiked" with a known amount 
of purified ribozyme with known activity against the target (if available). 



PCR amplification of selected ribozymos 



Reverse transcriptase is used to convert the selected ribozyme 
pool to DMA using a primer specific to tl,e 3' end of all the ribozymes (3' 
Primer) This primer includes the Mlul site and a portion of the common region 
of the ribozyme and is therefore present in all ribozymes «,hlch were made ,n 
the library. The reverse transcriptase products are then amplified by standard 
PCR using a primer specific for the 5' end of all ribozymes in the library 
including a BamHI restriction site (5' Primer). This 5' pnmer used in th.s 
amplification step may or may not also include (at its 5' end) a T7 promoter 
arm for a future transcription steps. The PCR products are then purified and 
transcribed with T7 RNA polymerase. The resulting "selected" ribozymes are 
n.l nur ifled. and then us ed for a second (third, fourth, etc.) round of further ^ 
"selection on a fresh target column7bound, allowed to cleive and subsepl^ently 
eluted and amplified as above until only specific, active ribozymes rema.n ,n the 
pool Ribozyme binding and activity is continually monitored by following the 
location of the radiolabeled pool of ribozymes, and this is also used as a 
measure of specificity of the selection. For example, with an unselected pool 
of ribozyme the malority of the radiolabel will not even bind the column. 
Conversely, with a highly selected pool, most of the radiolabel would initlany 
bind the column and then most would be released once magnesium was added. 
To avoid loss due to radloautolysis, ribozyme transcription, binding and 
selection is performed in one day. The subsequent PCR amplification products 
do not contain any radioactive nucleotides, and are therefore stable for long 
periods of time. Together, th combination of high-specificity binding and 
subsequent PCR amplification allows for conditions that are both selechve and 
of high yield. 
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sequencing vector le a oror«-77 « template into a 



w/Z Selection Enhancement 
release of inactive nbozymes bound downstream of «n » 

pre-determined requirements set fnr tK u ^ 

- ..o.vn,e r;: *° ^ — •v 

iiTD • • . "^y' "'t^' "bozyme number, etc ) if p -^o 

b.nd,„g ratio of *o» ribozymes »h,ch remain bound to thi 
column re.a«ve to that which has oleaved the target RNA . T ^ 
soreeninq to scrapnin^ * ^° ™ *='9« "NA can be tracked from 

ng ecreemng. Agam, as eeiection progresses. tt.is ratio win steadilv 

shift greater for ribozvmes which cleave the taroet RN A • . ° 

nrer-ofTcr; — -^rrcri 

a.P..ed. the number of r^uired PC^rrriirrdrrr ^"^ 
proportionally. e^peci a to reduce 
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/X. Assembling target-specific ribozyme gene vector 
libraries. 

once the target-specific ribozymes have been selected, amplified 
and identified, the ribozyme genes are cloned into AAV vectors, resulting in a 
specific ribozyme gene vector library (see previous and later sections for cloning 
and application). The ribozyme fragment generated after PGR amplification 
contains BamHl and Mlul restriction sites (see 5' Primer and 3' Pnmer). 
Digestion with the two enzymes not only generates cohesive ends for easy 
cloning into AAV vectors but also removes the T7 polymerase promoter 
sequences. Once generated, this library of AAV-ribozyme can be used for a 
variety of applications including, but not limited to, therapeutic and gene 
functional analysis in vivo. 

/. Differential ribozyme gene libraries 

Frequently, when analyzing different cell types, it is necessary to 
determine how gene expression differs between the two cell types. For 
example, when attempting to determine the cause of tumor formation, one 
often wishes to compare gene expression between a transformed cell and ,ts 

or following a cell through various stages of differentiation. Previous methods 
for isolating such differentially-expressed genes (briefly described below) are 
time consuming, technically challenging and often yield many false posiove 
results, immusors ribozyme library technology not only removes these 
disadvantages, but also results in a functional ribozyme or ribozymes that can 
immediately be used to knockout the gene or genes in question, for functional 

analysis, . . „ , . 

Historically, a procedure called "subtractive hybridizafon would 

be employed to determine which genes are differentially expressed (for review 

Ausubel. F.. et al. (ed.) (1987) Current Protocols in Molecular Biology, 

Greene Publishing and Wiley-lnterscience, New York. Briefly, mRNA or cDNA 

from each c 11 type are mixed and allowed to hybridize. The hybridized 

products (dsBNA or dsDNA) are then removed by column chromatography and 

the r malnlng, unhybridized nucleic acids (the differentially- xpr seed genes) 
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lype. '"e PGR products are then separated bv 
PO vac,wa.,.e «e, o,ec„opHo™.3 an. «,e a.p„«ea .an.. LJ „ ^ ™. 
cell types are compared. Unique bands are exH.^H * u 

- ~ „a. ..a.a„.a.es r:!™::: LiTcr: 

only targets a subset of differentially-expressed n.n . T 

p... ,an. rLz::::- 

represen.a«„n c, a„ .RNA spso(es. ,„ a..,«„n ,„ generating .any 
false-po.„,ves, differentia, display is realiy only suitabia ,„r detectin., n,ed- 
to high-abundance mRNAs. aatecting medium- 

invenf • -"''omized ribo.yme library o, «,e present 

■nvent-on ,s used ,n .>,ro to both identity differentially-expressed genes and „ 
generate specific, active ribozymes against the unique mRMAs T 
this, n^RNA is isolated from the two different celZe! 

cellBl lorti, . °"'°™""=e" l'"es in question (cell A and 

a bind- r ""^ "^^'^^'^ type by either- 

a. b,nd.ng the n,RNAs by their 5- ends using a monoclonal antibody dire tL 
a9a,nst the 5' n,ethy,-G cap ,for detailed discussion see aboye secLnTn 
.dentification of ribo.y„«s «,at cleave a .nown targe, R.A,, bound „ plin 

2 r r Of ribozyn,es 

*: r ' " ''"-^"^ ""-^ ^"*«'-« "vT 

v«^„ transcnpfon and applied to the column prepared fro. the n,R„A of cel, A 
unde c„nd,.,ons that inhibit cleavage such as the absence of n,agnesiun, „ 
low temperature (thus allowing ribozyme binding but not cleavaoe, R H 
.at «ow through th. column represent targets not preserr ToT 

cell A. The bound nbozymes are then allowed to cleave by changino the 
oo^d,«ons to favor cleavage U.e. add magnesium or increase em elr 
Ac«ve. specie ribozymes are then reieased from the solid suppcl Rhymes 
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*a. are r leased a, this step are ones capable of bo* binding and cleaving 
RNA from cell A. These rtbozymes are then applied to the RNA column from 
cell B under conditions that prevent cleavage. These cell A-specific ribozymes 
«,at also bind the cell B column represent rlbozymes that recognize RNA targets 
present in t,o.h cells, while the rlbozymes that flowthru are ones that recognize 
RNA only expressed in cell A. These ribozymes are then amplified, cloned and 
sequenced to produce a probe to clone the differentially-expressed, cell 
A-speclfic genes. Additionally, the specific rlbozymes are cloned into AAV 
vectors which can be applied to cell A to analyze the effects and function of 
«,e differentially-expressed genes. Naturally, the above described process can 
be reversed (/.e. apply ribozymes to column B first then column A. to isolate 
genes differentially expressed in cell B. 

Additionally, more than one differential selection method can be 
employed. For example, differential display could be used to generate RNA 
fragments specific for one cell type, and these RNA's could then be used to 
generate a target specific library. 

i Generation of and transduction with a ribozyme gene vector 
Hb Try pre selected to eliminate lethal nbozymes 



Transduction with ttie full ribozyme gene library can result in ttie 
expression of ribozymes directed against essential cellular genes. Cells 
expressing such "toxic" rlbozymes will die. This Is an especially Important 
consideration when more titan one ribozyme is delivered per cell, since the 
presence of a "toxic" ribozyme would automatically select out any other 
ribozyme genes In that same cell. In order to minimize tiie toxicity of tite full 
library, the full library is transduced into the host cells, preferably at an m.o.,. 
of less titan 1 , and the ribozyme genes of surviving cells are rescued. The new 
library of rescued ribozyme genes encodes ribozymes that are not fatal to the 
host cell. This n w library can be used to transduce host cells to detect .n 
vivo ribozyme effects, or it can be used to screen for active rlbozymes In vitro 
as descrlb d above. Additionally, titis -pre-selection" is a particulariy Important 
screening step when it is necessary to introduce multiple ribozyme genes into 
one cell. 
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3. Specific examples 



IIUW5. A tj Primer (conta n nq the T7 nrrt«,«* 
restriction enzyme site anri » r • Promoter, a BamHI 

^yme site and a regron complementary to a 3' <i^rn*^. a 
annealed to a 3' Svnth Pri,T,or / u- u ^"^^^ ^"'"^'^^ was 

can be any nucleotide! Th.„ , "^"""^ dMvage site, and N 

« de3o.ed ^r..::::iz:T^:T:^r'' ~ 

T« ( 1 396) Gene Therapy 3:994- 1 001 ) 

To create a clonable, double-stranded DMA containinn th 

pLrrs" ,'! " '"^ "=^-^"8 o.i«onuo,eo.ide ,B- 

117' singla-sTanded regions were converted to 

do.b,e-«randed D.A using Kienow O.A poiyn^erase ,Pro.e,a, Madison W, 

Primer and 3' pler representative using purified 6- 

- n.o.„errvt:pi::~ ~- '» - - 

«na. iibrarv comprised 3.u. . i^s "'"'^ ^'^ 
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,„s rtion of the library of rib zyme genes lr.to an AAV pro- 



V ctor 



For coning purposes, the specific ribozyn-e .ibrary o„gon.o,oo.des 
oon«in an M.u. resuic*n site, and the corresponding ollgonuo.eo«de contain 
Zh restTction en.yn,e site. In order to optimize the e«olency ot ,n inserfng 
he 1^- genes into «,e AAV cassette .end thus achieve n,axln,a, sequence 
:;;Jty.,twodl«erentapproac.s^^^^^^^^^^ 

rrA:rc=:=^^^^ 

tso result in Incorporation of n,ui«ple inserts, a second approach tor 
ri::: - rando. riho.y.e vector library .as t ,no„ the 
Hbozyme gene library into the vector directly by us,ng PCR cloning. 



Approach 1 



The vector pAMFT.dBam (Figure 3)in,odifled from psub201 
= , R J 1987 J Virol. 6,: 3096-3101). v»as used In the first approach 
(Samulslc. R.J. 1987. J- v.ro recombinant plasmid 

jg, n bozyme iibrary gene c.on,ng. 

• „ 1 \ and 3' inverted terminal repeats (ITR) ot aaen 

• ) cass^t^. for transcription and transla.on o, gene of interests; 3, 
genome 2) cassette ^^^^^^ ^^^^^^^^ 

neomycin resistance marKer pAivir 
various insert/vector rations. Efficiency of llgafon v.ere determined 
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y u^xio transformed colonies. 

y pro vector plasm ds (dAMFT riRar« 
couans,ec.e. wi.H ..e pAAVM. .J. 3^;!!^ " 
Technologies Inc.,. Since low efflciencv o, ' LipofectAmine ,Li,e 

AAV «.er, „ans,ec,ion Hela c! 1 " I J 7-"^-«- -ooun, ,or low 

- Hela cel. we™ ^r.„.^JZ7^.lTZ":r ^ "^"'^ 
«lf ligation and 3) supercoil DMA • h ' ^' 

infeced wi.H adenovir.! a ^a: r ^ - 
4. cells are Ivsed by ne Jiza. 1 " " """^ ° "n day 

-"owed a conce :l ~ •"T"'" --«l„a«on 
-0 a doa, co,„.„ c ' T '^^''^ 

(Perseptives, Inc.) removes the „ " 
ONA, «,e rAAV pea. i " J. J T P-^- and 

and in,n,edia.e,vLd InT " ' ""^ 

Where *e adencH^r '"^'"'^ ^^'^ "° '^-"""-^ '"O 
and Hea. ^nactivaJJa T 7;: °;: is collected 

residual adenoviral conta!- '° '"'"™ '"=«'va«on of any 

noviral contamination. The purified rAAV . 
The final product is tested L , 'or storage. 

residual DMA and 0™,= 7 '"'ecfous titer, particle titer. 

Purified produ ro: 2 ^"^ 

^:e^=;:rver~r^ 

Adenoviral contaminaT " "'^ «3:3822., 

- „S.3. Z::: :,:^::^. .graham and van oer : 

permissive cells ^is at! ^"""""=«on cycles on 

W«. type AAV IS testedTy 0:;:::::;° 'T '""""^ ""^'^^ — 

-y QC-PCR analysis following three amplification 
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ovoes in .ho presence o, adenovirus on permissive oelis. This assay is sensitive 

to ten infectious particles per milliliter. ^ .„ 1 v 1 nS 

Dilutions of the heat inactivated rAAV lysate are added to 1 x 10 
HeU cel,s/v,ell plated in 6 well dishes. T,ters o, AAV-ribozyme-Lib preparations 
are detemtlned by resistance to G41 8 as neo titer. HIgh-titer (1x10 
particles/ml) preparations are stored at 80° C until use. 

g Approach 2. Consttuction of full length AAV random 
riSSyme library pro-vector by using "PCR clon.ng . 

Since ligation may be inefficient and may result in the 
incorporation of multiple inserts, a second approach for generating the AAV 
random ribozyme vector library is to incorporate the random ribozyme gene 
library into the pAMFT.dBam vector by using multiple rounds of PCR, as 

illustrated in Figure 4. 

(a) First round PCR 
A "mega primer" is ger^erated in a first round of PCR which 
comprises an AAV 3'-lTRr a tRNAv a' p.^^p^er and ribozyme library genes, 
using the primers set 1 and 1 listed below: 

1) 3'. AAV-ITR primer (44 nt) 
5' ArGGA.AQAj^ 

CTG,GCG,CGC,TCG,CTC,GCT,CAC,TGA,GGC.CGC,CCG,G 

Bgl 11 site is underlined. 

»„,.oc fnr tRNA^3* oromoter and ribozyme library genes 

2) 5'-oligo with sequences tor tKiMM piumo 

(tRNA-ribozyme lib PCR, 81 nt) 

5'-tac,ca;gta.ata.tac,cac,aac.gtg,tgt,ttc,tct^^^^^^^^ 

CTN,NNN,NNNJGG.ATC.CTG,TTT,CCG.CCC,GGT,TTC,GAA.CCG-3 

The resulting PCR product is purified and used as 5'-megaprimer 
(AAV-lTR-tRNA-ribozyme library) for a second round PCR to generate the full 
length AAV vector with ribozyme library gene. 



(b) Second round PCR 
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Since the resulting DNA is linoor 

a": :::r ;:::i:7rrr ^^^^^^^ ^^--^ - - ~, 

--.S. 3,..,o,«3,. S,.„,3.e,.. ,138 "^r :^^^^^^^^ 
important for construrtino ^« . 03.3822). This is 

The recombinant AAV nf th« ^ 
above, wH„e «,e „,era,.e s«,es 2." A, V 17' " '""'"'^ 

~ .He rilv.e,r„nr ""^ ^^'-^^ ^•'".n .0 

cassene can .e ea^ ^ ~n 

-~a..o,o.— ^^^^^^^ 

c. Analysis of the hairpin ribo^yme gene lihrary 
Caniplexi.y of the library 
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The complexity and function of the hairpin ribozyme gene library 
was anaiyzed by /n .nro c.eavage of known target substrates, which included 
two HIV targets and one HCV target (Figure 2). 

The HIV targets and the HCV target were pol3308 and env7931 
and HCV core506. respectively (Townsend and Townsend case No. 
016556-000800. Immuso., inc., Novel Anti-HlV Ribozymes, Leavtt er a/.; 
welch et al. (1996) Gene Therapy 3:994). These were transcnbed at 37 C 
To" h^by using MEGA script High yield Transcription .it(Ambion Inc.. Aust.n. 

Tx): 

1.5 ml microcentrifuge tube: 

for each DNA sample control 

HoORNAsefree 4 pi 

5x Transcription Buffer ^ ^ 2 pi 

DTTIOOmM nfi„||20U) O-^ ul 

RNasin (RN Ase inhibitor) 0.6 ul (20U) ^ 

GTP 2.5 mM \ ^ i fj\ 

ATP 2.5 mM ' ^ fA 

UTP 2.5 mM ' ^ 1 p| 

CTP2.5^mM o u\ ^ A/I 

CTP P^^ labeled (20 Ci) i 1 /'O 

Template DNA linearized 

T7/SP6 Polymerase 2 p\ 

(at 15-20 U//;l) ^ pi 

Final Volume 

The DNA template was removed by incubating with 1 1 RQ1 BNAse 
,ree DNase (Promega, at 370 c ,or 15-30 min. Sampiea wore " 
65-700 c ,or 5 minutes prior to loading onto a <5% po,vacrviam.de/7 M urea 

, or pur,flca.on. The vanscripts o, target were excised 'o™ *e ge, by UV 
Ldowingtechnicue, and further extracted by BiO 101 BNaid K,t ,B,0 ,01, 

The ribozyme library was transcribed ,n .nro and gel puritied as 
described above, in the absence o, .32p,CTP. ™''ozyme,substrate /„ W.™ 
Ceavag was carried out by incubadng eguimoiar amounts *o.vme ,.brary 

^ * uMA "^70 cfor 1-3 hour in 40 mM Tris, pH 7.5, 1^ 
transcript with substrate RNA at 37 C tor . o n 

/ n 9 mM EDTA R actions w re terminated by 
mM MgCl2/ 2 mM spermidine/ 0.2 mM fcui a. 
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the addition of 1 vol of 2 v 

olue, 0.1 ^ xylene cyanol, 2 mMFHTAi p,„rt,. . , 
cleavage reac«„ns are resolved by elecuooh»r 

9e,s and analyzed by autoradiography °" ^'^'^"'^'^nu urea 

As shown in Figure 2 tho rSK 
sequence oon,plexl^ a. Lr::2C::Z:7 , ~ ' <" 

-own .o be cleavable by LCTg 

" ^'^^cTT"^ ■="'"-"*- ~" »"« .or 

Transfectlon efficiencies were tes.oH 
including Hela. 293. A549, CF2 MDCK T.l 
available lipid preparafions J,ZZ'o7o 

Plasmid. Two lipids Lipofe.,.. ^ ^"^ °" ^P''''^ 

Mannbeiml. sSj. - ™ .Boebrmger 

and Cf2, using A^.me,.TZ7To -^^^^ 
FACS analysis as sbown in Table 2 '^"^"^ "v 

-ided .o :::::: ^'"'''^ - 

scale trans,ec«ons were se up wt Z- " ""^ '""^'^ 

Hela. and Cf2 cells Six dTf^. '■•P<"ao,Amine and DOSPER on A649, 

-d. 0, 3, , io:a::2r~::::,r - 

DMA, 0.5, 1 .5 and 3 aa,nM Th ''''^ "'^''^ ^"^ Ad8 

1.5 /.g/m, Of each DNA gave 10^ 7''"'" °' ^^''^^-Amine with 

the highest transfection efficiencies. 



//A 



High titer rAAV production 



V-d .e Hlgberi e~ ~" ~ 

is crucial for assuring a vector ge; Zs^ ZT"' " ^'^ 
once ail fbe procedures bave bl op:::e: :b~;~ 
generated by transient transfection on AAV a.! ' 
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for optimal transduction efficiency and depending on the desired application. 
Vector is then applied to a given cell and the desired phenotype is analyzed. 
Ribozyme sequences in the transduced cells are identified, amplified and 
rescued with wild type AAV or helper plasmlds and helper virus (such as 
adenovirus). The rescued vector is then used again to transduce the target 
cells and the cycle repeated. AAV and adenovirus can be selectively 
inactivated or purified. Any remaining wild type AAV will be inert since It 
cannot replicate without a helper virus. 

Until now, use of AAV as a useful gene delivery vehicle has been 
hampered by the inability to produce high titer virus (Hermonat and Muzyczka 
(1984) PNAS USA 81:6466; Samulski ef a/. (1987) J. Virol. 61:3096). 
Indeed, the typical yield of rAAV vectors currently reported in the literature is 
approximately 105 colony-forming units/ml (Kaplitt et al. (1994) Nature 
Genetics 8:148; Miller et al (1994) PNAS USA 91 :10183; Samulski et al. 

(1989) J. Virol. 63:3822). 

Now, however, proprietary production and purification methods 
developed at Immusol yield high titers (greater than 5 x 10^ infectious 
particles/ml) with no wild type helper virus contamination. This is in stark 

contrast-to-published-dataJsee_r,e.f erences above). ji[gh_yi ral titers a re 

extremely important for constructing complete ribozyme libraries; for 
performing efficient, high m.o.i. transductions as well as making feasible any in 
vivo (animal) applications of the library or selected libraries. 

Immusol, Inc. has previously developed the technology of "increas d 
titer of recombinant AAV vectors by gene transfer with adenovirus coupled to 
DNA polylysine complexes". This method was published in GENE THERAPY 
(vol.2, pp429, 1995). This technology is licensed to Immusol and has been 
used as our routine rAAV preparations for all pre-clinical studies. Recently this 
technique has been adapted to large-scale preparation of purified rAAV at high 
titer using CSCI2 centrifugation (Table 3) 

Lysing the producer cells with the non-ionic detergent octylglucoside 
or th ionic detergent deoxych late appears to increase the titer substantially 
compared with the freeze-thaw procedure used previously to extract the AAV 
particles from the cells. Octylglucoside may be of further advantage since it 
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Will allow for direct loading of material onto ion-exchange columns if desired 
(FPLC). 

After carefully testing the rAAV titer in the CFU system, we 
concluded that we can reproducibly obtain high titer purified rAAV. Peak titers 
are in excess of 5 x 1o8/r„, (neo colony forming units, CFU). . The total yield 
from a single prep is more than 5 x 109 CFU at an average titer of 1 x lO^ 
CFU/ml (Table 3 and data not shown). 

lysate purification of rAAV-Bgal from cell 

Recombinant AAV vectors (rAAV) are generally obtained by 
harvesting and lysing vector producing cells. It has been reported by several 
groups, however, that much of the rAAV is released into the culture 
supematant prior to cell harvesting, generating a loss in vector recovery 
Estimates of the amount of rAAV present in the culture supernatant vary from 
30 - 70%. This variability is most likely dependent on when cells are harvested 
following adenoviral infection. If the amount of rAAV present in culture 
supematant is indeed significant (>50%), then it would be useful, from a 
production viewpoint, to recover this vector and minimize losses. 

In order to produce clinical grade vector it will be necessary to purify 
the rAAV away from adenovirus as well as removing contaminating nucleic 
acds. Cellulofine sulfate column chromatography has been used for 
concentration of rAAV aamayose at aL. 1996, Human Gene Therapy 
7:507-513). However, a small amount of adenovirus as well as various serum 
and cellular proteins were always co-eluted with rAAV particles from the 
column. Anion exchange chromatography has been used to purify adenoviral 
vectors (Huyghe et aL. 1996) and anionic resins are known to bind nucleic 
acids. Previous data indicates that rAAV will not bind to particular anion 
exchange resins (DEAE and HQ) under physiological salt conditions. Therefore 
we develop d a chromatography proc dure to purify and concentrate rAAV 
from cell lysate by employing an anion exchange column (HQ) to "pre-clear" a 
lysate of adenovirus and nucleic acids followed by purifying rAAV with a cation 
exchange (SP) column. 



wo 98/32880 PCTAJS98/01196 

73 

A summary of the purification data is detailed in Table 8. The results 
indicate that in addition to removing 99% of the contaminating proteins, the 
tandem column purification scheme removes adenovirus as well. Therefore, by 
combining an SP cation exchange column with a tandem HQ anion exchange 
column we are able to produce highly-purified, adenovirus-free rAAV. 

iv. Stability of rAAV vectors 

Various parameters affecting the stability of rAAV vectors were 
evaluated including storage buffers, storage temperatures, multiple freeze/thaw 
cycles, benzonase and RQl DNase. In summary, we have optimized each 
parameter resulting in highly stable rAAV vectors showing no significant loss of 
titers. 

(a) . Multiple Freeze/Thaws. 
rAAV-NGFR cell lysate was used that had already been 

frozen/thawed 6 times. Centrifuged (C) and uncentrifuged (U) lysate were 
frozen and thawed once (CI andUl), twice (C2 and U2), and three times (C3 
and US) by setting them into the -80C for 1.5 hours and then quick thawing(by 
swirling) in a 37C water bath. HeLa cells were transduced with 20//I and 80/yl 
of each sample and rAAV-NGFR activity was analyzed by FACS on Day 2. It 
appears that the rAAV vector can withstand up to 10 freeze/thaw steps stored 
as either centrifuged or uncentrifuged cell lysate (Table 4). 

(b) Glycerol Storage Buffers. 

The effects of 10% glycerol and 2%FBS/1 %Glycerol on -80C 
storage of HPLC purified rAAV-NGFR were studied. Purified rAAV was 
resuspended in the appropriate buffer and stored at conditions indicated. The 
next day the whole viral suspension was transduced onto HeLa cells (1e5 
cells/well) and analyzed by FACS 48 hours later. Data from Table s indicates 
that rAAV is stable in both buffers (and maybe slightly more stable in the 10% 
Glycerol). rAAV also appears to be stable overnight at -80C in the buffer in 
which the vector is eluted off the HPLC. 
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(c) +4° C Cell Lysate Stability Studi s. 

The stability of the rAAV when stored at .4 degrees C in unclarified 
lysate was studied. It appears that the vector is stable when stored at 4 
degrees C for at least 4 weeks (Table 6). A similar study will be done with 
HPLC-purified rAAV vector. 

(d) Effect of Benzonase/RQI DNase Treatment on 
rAAV Vector Stability. 

Since Benzonase and RQ1 DNase are adopted in our rAAV 
production scheme to degrade nucleic acid contaminants, effect of Benzonase 
or RQ1 DNase on rAAV vector stability and infectivity was evaluated. 
rAAV-NGFR vector was treated with either Benzonase or DNase. To 100 //I of 
the vector was added: ^fJ\ 1M MgCI2 and Benzonase( 280U///I). To 
another 100 /y| of the vector was added: 1^/1 1M MgCI2 and 1 ^\ Rqi DNase 
(1U///I). These tubes were incubated at room temperature for 1 hour. Activity 
of Benzonase and RQI DNase at clearing the RNA in the lysate as well as most 
of the DNA were verified by gel electrophoresis. The samples were then diluted 
1:10 and 10 and 100 //I of these dilutions were transduced onto HeLa's cells 
(105 cells/well) and FACS on Day 2. The results (Table 7) show that neither 
Benzonase nor RQI DNase drastically affects rAAV-NGFR titer. Similar results 
were obtained when repeated with another vector, rAAV-Neo (data not 
shown). 

Using splinkerette PGR followed by southern blot analysis of the PGR 
products with radiolabelled AAV-specific probe, we have demonstrated 
Integration of rAAV vector into the target cell chromosome with relatively high 
efficiency in two cell lines Molt 4/8 and CD 34+ primary human stem cells 
(Figure 9 and data not shown). Rather than revealing completely random 
integration, our data indicated that there are multiple "preferred" sites (hot 
spots) of rAAV integration (Figure 9 and data not shown). 
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d. In vivo selection of optimal ribozyme(s) against a d fined 
targ t. 

Target cells are generated that express the target RNA of Interest. If 
the product of the target gene itself is FACS-sortable {i.e. any cell surface 
protein that is detectable by a specific antibody) or is selectable by various 
culturing methods (i.e. drug resistance, viral susceptibility, etc.), then one can 
proceed directly to application of the vector library below. If not, then the 
target gene sequence is cloned in cis to two separate reporter genes that are 
either FACS-sortable and/or selectable, for example the green fluorescent 
protein (GPP) or the nerve growth factor receptor (NGPR) that are 
FACS-sortable and HSV thymidine kinase (tk) that renders a cell sensitive to 
gancyclovir. These two target-reporter constructs are then stably transfected 
into cells (e.g. HeLa or A549) to create the target cells. 

The AAV vectors in which the ribozyme library is embedded contain 
a neo^ gene as a selection marker and for titering purposes. Target cells are 
grown to 70-80% confluency and transduced with the AAV-ribozyme library at 
an m.o.i- > 1 (to favor multiple transduction events, and multiple ribozyme 
genes, per cell). Transduction is accomplished by incubating cells with vector 
overnight at 37^ C, as described above. Transduced cells are selected by 
culturing the cells for 10-14 days in the presence of G418 (400-500 
micrograms/ml culture medium). 

To determine which cells are expressing ribozymes directed against 
the target, the transduced cells are sorted and/or selected for the two c/s linked 
reporter genes (or for the specific gene product if it itself is sortable/selectable). 
In the reporter system, two different reporters are necessary to distinguish 
between ribozymes specific for the target or simply recognizing the reporter 
itself. Cells in which the expression of botti reporter genes is reduced are then 
believed to express ribozymes specific for the target. 

The ribozyme vectors present in these surviving cell clones are 
rescued from the cell by wild type AAV or by transient transfection with 
packaging plasmids in the presence of adenovirus (Harmonat and Muzyczka 
(1984) Proc. Natl. Acad. Sci. USA 81:6466; Tratschin at al. (1985) MoL Cell. 
Biol. 5:3251; Samulski et al (1982) Proc. Natl. Acad. Sci. USA 79:2077). The 
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rescued vectors are then re-introduced into the untransduced parental cell line 
under conditions favoring a single ribozyme pro-vector per cell, and res lected 
or screened. 

Once a cell line containing a single specific ribozyme gene is thus 
deconvoluted, identified, and cloned, the corresponding ribozyme gene found 
within the cell line is PGR cloned and sequenced using PGR primers described 
herein. The resulting sequence is expected to be exactly complementary to the 
gene sequence the ribozyme is inactivating, except that the target RNA must 
also contain a GUG sequence. 



e. Detection of unknown genes which regulate leptin expression 
Identification of genes that regulate leptin gene expression (Zhang et 
al. (1994) Nature 372:425) is important for the following reasons: 1) since 
leptin is involved in obesity, genes that regulate this gene may be potential 
therapeutic targets, and 2) it serves as an example of how genes that affect 
transcription from a given promoter may be cloned. 

The sequence of the leptin gene and of the promoter regions of the 
leptin gene have been described (Miller et al. (1996) Proc. Natl. Acad. ScL USA 
93:5507). The transcriptional promoter elements of the leptin gene are PGR 
cloned directly from known sequence information. They may also be obtained 
from sources such as the American Type Tissue Gulture Gollection. Expression 
vectors are generated whereby either of two reporter genes, NGFR or GFP, are 
expressed from the leptin promoter. Stable reporter gene-expressing cell lines 
are derived as described above and selected for expression of NFGR and GFP 
by Fluorescence-Activated Gell Sorting (FAGS) analysis. Clones are selected 
which express uniform levels of both markers, as homogeneous populations, to 
yield good signal-to-noise ratios during FAGS analysis to facilitate subsequent 
identification of underexpressing cells. Such clones are obtained by isolating 
transduced cells that exhibit a uniform level of fluorescence using by FAGS, 
and then cloning these cells. 

Gell cl nes are transduced with the AAV random ribozyme gene 
vector library at a high multiplicity of infection (m.o.i. > 1) and s lected in 
G418. Gells expressing both reporter genes are th n selected by FAGS 
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analysis and under-expressing and over-expressing clonal cell lines are 
generated, since any alteration in reporter gene expression may indicat a 
target responsible for leptin gene regulation. Since these cell clones are 
isolated from cells that were transduced at a high multiplicity of infection, 
many contain multiple ribozyme genes. AAVs that contain ribozyme genes are 
rescued from the different under-expressing or over-expressing cell clones as 
described above (Section 2.b.iv.a). These rescued AAVs are used to transduce 
fresh cells at a low multiplicity of Infection. After G418 selection, 
under-expressing or over-expressing clones are once again obtained by FACS. 
This time however, each clonal cell line expresses only a single ribozyme gene. 
The presence of a single ribozyme gene is confirmed by rescue of the AAV 
genome and sequence analysis of the ribozyme gene(s). 

Individual ribozyme genes that cause under-expression or 
over-expression of reporter genes that are operably linked to the leptin 
promoter are then transduced into cells that express the leptin gene itself. 
Individual clonal isolates are screened for expression of the leptin gene by 
RNase protection and protein immunoblot assays (Sambrook, et a/.). Activity 
of specific ribozymes is verified using the corresponding disabled ribozyme 

(mutation of loop 2 AAA to UGC, see S ection 2 .f) Cell c lones wit h alte red 

leptin gene expression are selected for further study. 

The sequence of the ribozyme binding arms is combined with the 
requisite GUC to construct a DNA probe (5'XXXXXXXNGUCXXXX3', where X 
is the deduced sequence coming from the specific ribozyme), which is then 
used to screen cDNA libraries (Sambrook et al) to clone the gene or genes 
whose inactlvation modulates leptin expression. 

f . Detection of cell cycle regulatory genes 

P21, also known as Cip 1 (CDK-interacting protein) is a negative 
regulator of mammalian cell cycle progression. Overexpr ssion of human P21 
efficiently arrests vascular smooth muscle cells (VSMC) in the G-| phase of the 
cell cycle and results in a 60 ^ reduction in VSMC proliferation following 
growth factor simulation in vitro (Chang et a/., 1995 J. din. Invest, 96: 
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2260-2268). Genes involved in p21 gene expression are identified by a 
protocol similar to that described for leptin gene regulation, except the p21 
promoter elements will be used to drive the expression of the reporter genes, 
NGFR or GFP. Individual ribozyme genes that cause under-expression of the 
reporter genes are used to isolate genes that activate the cell cycle, while those 
ribozymes that cause over-expression of reporter genes can be used to identify 
genes that transrepress cell cycle. 



g. Identification of an unicnown gene responsible for tumor 
suppression or tumorigenesis 

Identification of an unknown gene responsible for tumor suppression 
is accomplished by: 

- transducing 3T3, J82, U-1 38 MG, A549 or any primary cell line with the 
AAV-ribozyme library. Optimally, the cells are primary cells with no tumor 
phenotype or partially transformed or immortalized cells that show little to no 
tumor growth in nude mice (O'Toole et al. (1978) Br. J. Cancer 38:64^; Ronton 
et al. (1971) Hum Hered. 21:238). 

selecting cells that were transduced by the AAV-ribozyme using G41 8 
selection (AAV carries neomycin resistance gene). 

plating all transduced cells in soft agar, to assay anchorage dependence 
(Renshaw a/. (1995) Mol. Cell. Biol. 15:1286; Sawyers ef a/. (1992) Cell 
70:901), and in minimal media, to assay growth factor dependence (Renshaw 
etal. (1995) Mol. Cell. Biol. 15:1286; Renshaw et al. (1992) Embo J. 
1 1 :3941 ). Both are widely used indicators of cellular transformation in cell 
culture. 

picking and expanding the resulting soft agar and minimal media colonies. 
Since growth factor and anchorage independence are not always 
sufficient to allow tumor formation in an animal, ribozyme-expressing cells are 
optionally further selected by injection into nude mice. Tumors that form are 
isolated and th AAV-ribozyme genome is rescued and the assays are repeated. 
Once specific ribozymes have been selected, their activity is verified to be due 
to RNA cleavage and not simply antisense as previously described. The 
select d ribozyme genes are amplified by PGR, cloned and sequenced. The 
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sequence of the ribozyme binding arms is combined with the requisite GUC to 
construct a DNA probe (B'XXXXXXXNGUCXXXXS', where X is the deduced 
sequence coming from the specific ribozyme), which is then used to screen 
cDNA libraries to clone the gene whose inactivation results in tumor formation. 

Identification of an unknown gene responsible for tumorigenesis is 
accomplished by: 

transducing isolated primary tumor cells or any transformed cell line with 
AAV-ribozyme library; 

selecting cells that were transduced by the AAV-ribozyme using G418 
selection (AAV carries neomycin resistance gene); 

plating the selected cells and allowing them to reach confluence; 

treat the confluent cultures with bromo-deoxyuridine (BrdU), a nucleoside 
analog that is toxic to any cell that is actively dividing. All cells that remain 
non-contact inhibited in the culture will die. Cells that received a ribozyme 
gene that inactivates the oncogene responsible for the tumorigenesis will not be 
growing in a confluent culture due to contact inhibition. Untransformed cells 
are contact inhibited and are arrested in quiescence, transformed cells are not 
and will continue to grow on top of each other as long as they are fed; 

Pick and expand the surviving cells. Rescue the AAV-ribozyme genome 
and sequence to identify the gene responsible for the tumor. In addition to 
identifying an oncogene, one also now has in hand a ribozyme capable of 
inactivating said oncogene, which may be applicable to cancer gene therapy. 

This method is also useful to determine the genetic cause for, and 
possibly deduce a ribozyme therapy against, a particular isolated tumor from a 
patient - Le. patient-by-patient specific cancer gene therapy. 

h. Detection of an unknown gene responsible for apoptosis 

Programmed cell death or apoptosis is essential for normal 
development. Deregulation of apoptosis can lead to a spectrum of defects 
ranging from embryo lethality, to perturbation of post-natal development and 
even to cancer. Identification of genes that modulate the regulation of 
apoptosis provides an opportunity for the treatment of numerous diseases 
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including cancer, neuronal degeneration, lymphoproilferation, inflammation and 
immunodeficiency, among others. 

Apoptosis can be triggered in a variety of ways, depending on the 
cell type (for review see McConkey et al (1996) Molecular Aspects of Medicine 
17:1). To identify genes involved in apoptosis, the AAV ribozyme gene vector 
library is transduced Into appropriate cells and selected with G418. The cells 
are then triggered to undergo apoptosis. Any cells that subsequently survive 
are grown up and the ribozyme gene or genes responsible are cloned out of the 
rescued AAV vectors (as described in the previous sections. Genes involved in 
the apoptotic pathway can then be cloned, again based on the sequence of the 
ribozyme binding arms and GUC (see above sections). 

Apoptosis can be measured by numerous ways. Loss of cell viability 
(failure to either excluded vital dye or uptake MTT), DNA fragmentation 
(assayed by) agarose gel electrophoresis, PFG electrophoresis, in situ tunnel 
(terminal transferase labeling), cell and nuclear morphology (microscopy to 
visualize chromatin condensation, DNA organization, and cytoplasmic integrity), 
cysteine protease activation (PARP or lamin cleavage in vivo or in vitro, an 
inhibition by cysteine protease inhibitors), sub Gl peak by FACS analysis, and 
inhibition by Bcl-2, are some of the means for measuring apoptosis. 

One of the most important effectors of apoptosis is the ICE gene 
family (lnterieukin-1 (Converting Enzyme). Mutations of ced-3/ICE gene 
prevent apoptotic death in cells and overexpression if ICE gene in a number of 
cell types induce apoptosis (Thornberry, N.A. et a!.. 1992. Nature 
356:768-774; Miura. M. et al., 1993. Ce// 78:653-660; Gagliardini, V. et al.. 
1994. J. Biol. Chem.. 268:826-828). 

Identification of genes that regulate ICE gene expression are 
accomplished by protocol similar to that listed in Example e except that reporter 
genes (NGFR or GFP) are expressed from the ICE promoter. 
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j. Scr ening for transact! vator or transsuppr ssor for HPV URR 
or HIV. 



HPVs are present in many anogenital tumors, including anal, penile, 
vagina, and vulvar cancers. The transforming effects of the proteins of HPVs 
are mediated through interactions with cellular proteins. The E6 protein of the 
"high risk" HPVs binds to the tumor suppressor p53 protein, and hastens its 
degradation (ref). The E7 protein can cooperate with an activated ras 
oncogene (ref), binds to a tumor suppressor, the cellular retinoblastoma gene 
product (pRB) and inhibits its function. The expression of the transforming 
genes of HPVs is controlled by both viral and cellular factors. The major 
regulatory region in the genome is the upstream regulatory region (URR). 

Sites that have been identified and located in the URR include 
binding sites of the cellular factors P92, Spl, Apl, Oct-1, Ap2, TEF-1, PR, 
NFA, and PVF. Cellular factors that act at these sites have been studied in 
cervical epithelium, and probably have equivalents in other epithelia (ref). 

Since expression of papillomavirus genes can be affected positively 
or negatively by so many trans- and cis-acting factors, there is a clear potential 
to modify expression of viral genes by providing a tumor cell with the 
appropriate factors. 

Identification of unknown transactivator and transsuppressor for HPV 
URR is accomplished by a protocol similar to that listed in Example except that 
reporter genes (NGFR or GFP) are expressed from the HPV URR or HIV gene 
promoter. 

The preceding examples are merely illustrative and are not intended 
to limit the invention in any way. All references mentioned herein are hereby 
incorporated in their entirety for all purposes. The present invention is related 
to U.S. application serial No. 08/664,094 and U.S. application serial No. 
08/719,953), which are hereby incorporated by reference. Reference is also 
made to provisional application serial No. 60/027,875. 



SEQUENCES 



5' Primer (37 nt): 
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5'GGG TAATACGACTCACTATA GGg>!l iTCCTCGATG AAGC3' 
3' Synth Primer (76 nt): 

5'TCGACGCGTACCAGGTAATATACCACAACGTGTGTTTCTCTGGTNNNNTTCT 
NNNNNNNGCTTCATCGAGGATCCC3' 

3' Primer: 

5'TCG4C<?C<SrACCAGGTAATATACCACAACGTGTGTTTCTCTGGT3' 

3' Disabled Primer: 

5'TCGy4CGCGrACCAGGTAATATACCACAACGTGTGACGCTCTGGT3' 
3'- AAV-ITR primer: 

5'AGGA>4G>4rC7CTGGCGCGCTCGCTCGCTCACTGAGGCCGCCCGG3' 
tRNA-Rz lib primer: 

5'TACCAGGTAATATACCACAACGTGTGTTTCTCTGGTNNNBTTCTNNNNNNNT 
GGATCCTGTTTCCGCCCGGTTTCGAACCG3' 

5'-AAV-ITR primer: 

5'-AGGA>aGyirC7CAGCAGCTGCGCGCTCGCTCGCTCACTGAGG-3' 
NOTES: 



T7 promoter sequence: underlined 
Ribozyme sequence: bold 

BamHI, Mlul or Bgl II restriction enzyme sites: italic 
3 nt disabling mutation: double underlined 
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CLAIMS 

What is claimed is: 

1 . A method of correlating expression of a nucleic acid that encodes a 
hairpin ribozyme with the appearance or loss of a detectable phenotype which 
results from the inhibition or expression of a cellular gene not previously known 
to result in said phenotype, comprising: 

a. producing a cloned transduced cell line which expresses at least one 
reporter gene and at least one ribozyme from a library of hairpin 
ribozyme-encoding nucleic acids having randomized recognition 
sequences; 

b. detecting a phenotypic difference between 

a cloned transduced cell that expresses at least one hairpin ribozyme 
encoded by said library, and 

a cell of the parental cell line that does not express said hairpin 
ribozyme 

c. isolating and sequencing the ribozyme present in said cloned 
transduced cells. 



2. A method according to Claim 1 , wherein the hairpin 
ribozyme-encoding nucleic acid is operably linked to an inducible promoter, 

3. A method according to Claim 1, wherein the hairpin 
ribozyme-encoding nucleic acid is expressed from a viral vector. 

4. A method according to Claim 1 , wherein cells are transduced with 
two reporter genes. 

5. A method of determining unknown phenotypic effects of a coding 
nucleic acid of known sequence, comprising the st ps of: 

a. co-expressing within a same cell a coding nucleic acid of known 
sequence and also a hairpin ribozyme that cleaves at least one 
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ribozyme target site present in said coding nucleic acid of known 
sequence; 

b. detecting phenotypic differences between 

cells that simultaneously express said coding nucleic acid of known 
sequence and said hairpin ribozyme that cleaves said at least one 
target site present in said coding nucleic acid of known sequence, 
and 

cells that express only said coding nucleic acid of known sequence, 
or cells that express only said hairpin ribozyme that recognizes a 
target site present in said coding nucleic acid of known sequence. 

6. A method according to Claim 5, wherein the hairpin 
ribozyme-encoding nucleic acid is operably linked to an inducible promoter. 

7. A method according to Claim 5, wherein the hairpin 
ribozyme-encoding nucleic acid is expressed from a viral vector. 



8. A method of identifying a nucleic acid whose gene product mediates 
binding to a selected ligand, comprising: 

a. co-expressing within a same cell a nucleic acid whose gene product 
mediates binding to a selected ligand, at least one member of a 
library of hairpin ribozyme-encoding nucleic acids having randomized 
recognition sequences and at least one reporter gene; 

b. identifying and cloning a transduced cell that does not bind to said 
selected ligand, to yield a population of cloned cells that do not bind 
to said selected ligand; 

c. determining the sequence of the recognition sequence of a ribozyme 
expressed in said cloned transduced cell; 

d. making an oligonucleotide consisting of the recognition sequence, 
including the GUC cleavage site, of a ribozyme of step c; 

e. identifying a nucleic acid whose gene product is recognized by the 
ribozyme of step c using the oligonucleotide of step d as a probe. 
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9. A method according to Claim 8, further comprising isolating and 
sequencing said nucleic acid of claim e whose gene product is recognized by 
the ribozyme of step c. 

10. A method according to Claim 9, wherein the selected ligand binds to 
a ceil surface receptor. 

11. A method according to Claim 10, wherein the ligand is present on a 
viral particle, 

12. A method according to Claim 9, wherein the hairpin 
ribozyme-encoding nucleic acid is operably linked to an inducible promoter. 

13. A method according to Claim 9, wherein the hairpin 
ribozyme-encoding nucleic acid is expressed from a viral vector. 

14. A method according to Claim 9, wherein the selected ligand binds to 
a molecule that induces a measurable cellular response, wherein the ligand is 
selected from the group consisting of: 

a. hormone receptors 

b. receptor for molecules that induce apoptosis, and 

c. drug receptors. 

15. A method of identifying regulatory gene products and genes that 
control the expression of a particular selected gene, comprising the steps of: 

a. co-expressing in a same cell a selected reporter gene operably linked 
to the promoter of a selected gene and at least one member of a 
library of hairpin ribozyme-encoding nucleic acids having randomized 
recognition sequences, wherein the mRNA encoded by said reporter 
gene is not recognized or cleaved by a ribozyme expressed in said 
celi; 

b. identifying and cloning a cell wherein the level of expression of the 
reporter gene is measurably different from that of a cell that 
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expresses the reporter gene but does not express said at least one 
nnember of the library of hairpin ribozyme-encoding nucleic acids; 
c- identifying a nucleic acid expressed in the cells cloned in step b 

whose gene product is recognized by a ribozyme expressed in said 
cloned cells. 



16. A method according to Claim 1 5, comprising 

a. operably linking the promoter of a selected gene to a first reporter 
gene in a vector 

b. transducing a population of cells with a vector of step a; 

c. identifying and cloning a transduced cell that contains the vector of 
step a, to yield a population of cloned cells that contain said vector; 

d. transducing cloned cells of step c with vectors that comprise a 
library of hairpin ribozyme-encoding nucleic acids having randomized 
recognition sequences, wherein the vectors further comprise at least 
one reporter gene different from the reporter gene of step a; 

e. identifying and cloning a transduced cell that contains the vectors of 
steps a and d wherein the level of expression of the reporter gene is 
measurably different from the cells of step c, to yield cloned 
transduced cells that contain the vectors of steps a and d wherein 
the level of expression of the reporter gene is measurably different 
from the cells of step c; 

f . isolating the nucleic acid that encodes the ribozyme that is 
expressed in said cloned transduced cells of step e; 

g. determining the sequence of the recognition sequence of the 
ribozyme of step f ; 

h. making an oligonucleotide consisting of the recognition sequence, 
including the GUC cleavage site, of the ribozyme of step h; 

i. identifying a nucleic acid whose gene product is recognized by the 
ribozyme of step g using the oligonucleotide of step h as a probe. 



17. A method according to Claim 15, wherein the s lected gene is a 
ieptin gene. 
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18. A method according to Claim 15, wherein the hairpin 
ribozyme-encoding nucleic acid is operably linked to an inducible promoter. 

19. A method according to Claim 15, wherein the hairpin 
ribozyme-encoding nucleic acid is expressed from a viral vector, 

20. A method of identifying a gene whose gene product confers 
sensitivity to a selected chemical compound, comprising: 

a. transducing a population of parental cells which are sensitive to a 
selected chemical compound with vectors that comprise a library of 
hairpin ribozyme-encoding nucleic acids having randomized 
recognition sequences, and with a nucleic acid that encodes at least 
one reporter gene; 

b. identifying and cloning a transduced cell that is resistant to said 
selected chemical compound, to yield a population of cloned 
transduced cells that are resistant to said selected chemical 
compound; 

c. identifying a nucleic acid whose gene product is recognized by a 
ribozyme expressed by the cloned transduced cells of step b. 



21. A method according to claim 20, comprising: 

a. transducing a population of parental cells which are sensitive to a 
selected chemical compound with vectors that comprise a library of 
hairpin ribozyme-encoding nucleic acids having randomized 
recognition sequences, and with a nucleic acid that encodes at least 
one reporter gene; 

b. identifying and cloning a transduced cell that is resistant to said 
selected chemical compound, to yield a population of cloned 
transduced cells that are resistant to said selected chemical 
compound; 

c. isolating the nucleic acid that encodes the ribozyme that is 
expressed in the cloned transduced cells of st p b; 
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determining the sequence of the recognition sequence of the 
ribozyme of step c; 

making an oligonucleotide consisting of the recognition sequence, 
including the GUC cleavage site, of the ribozyme of step c; 
identifying a nucleic acid whose gene product is recognized by the 
ribozyme of step d using the oligonucleotide of step e as a probe. 



22. An in vitro method of detecting at least one ribozyme that cleaves a 
target nucleic acid, comprising the steps of: 

a. hybridizing a library of hairpin ribozyme-encoding nucleic acids 
having randomized recognition sequences in vitro to a target nucleic 
acid under stringent hybridization conditions in a solution that does 
not permit cleavage, wherein the ribozymes having recognition 
sequences that are complementary to the specific target nucleic acid 
hybridize to the recognition site on the target nucleic acid but do not 
cleave the target nucleic acid; 

b. removing ribozymes that do not bind to the target sequence; and 

c. collecting one or more ribozymes that bind to the target nucleic acid. 



23. A method according to claim 22, wherein the solution that does not 
permit cleavage lacks magnesium. 

24. A method according to claim 22, wherein the solution that does not 
permit cleavage comprises a magnesium chelator. 

25. A method according to claim 22, wherein the target nucleic acid is 
attached to a solid substrate. 

26- A method according to claim 22, wherein bound ribozymes are 
enabled to cleave the specific target sequence by the addition of magnesium. 



27. A method according to claim 22, wh r in 
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Step c comprises enabling bound ribozymes to cleave the specific target 
sequence, wherein cleavage causes the ribozyme to detach from the target 
nucleic acid. 

28. A method according to claim 22, wherein step d comprises 
generating a ribozyme gene vector library that consists of the target specific 
ribozymes eluted in step c of claim 22, 

29. A method according to claim 22, wherein the target nucleic acid is 
selected from the group consisting of: an isolated chromosome, an isolated 
nucleic acid that encodes a desired gene product, a selected isolated nucleic 
acid fragment; an isolated polycistronic nucleic acid; a cDNA library, and a total 
messenger RNA fraction of a cell. 

30. A method of identifying at least one ribozyme that cleaves RNAs 
from a first cell line but not from a second cell line, comprising the steps of: 

a. incubating the total RNA from a first cell line in the presence of a 
library of hairpin ribozyme-encoding nucleic acids having randomized 
recognition sequences, under stringent hybridization conditions, in 
the presence of a solution that does not permit ribozymes to cleave 
their target sequence; 

b. removing ribozymes that do not bind to RNA molecules in the RNA 
preparation; 

c. collecting ribozymes that bind to RNA molecules in the RNA 
preparation; 

d. incubating, under stringent hybridization conditions, an RNA 
preparation from a second cell line in the presence of ribozymes 
collected in step c in the presence of a solution that does not permit 
ribozymes to cleave their target sequence; 

e. removing ribozymes that do not bind to RNA molecul s in the RNA 
preparation from the second cell line; 

f . collecting ribozymes that bind to RNA molecules in the RNA 
preparation from the second cell line. 
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31 . An in vivo method of selecting at least one hairpin ribozyme that 
cleaves a target recognition site in a target nucleic acid, comprising the steps 
of: 

a. transducing a population of cells with a vector expressing a library of 
hairpin ribozyme-encoding nucleic acids having randomized 
recognition sequences, and with a nucleic acid that encodes at least 
one FACS-sortable reporter gene, under conditions that result in the 
expression of multiple different ribozymes per cell; 

b. selecting and cloning transduced cells that express at least one 
ribozyme-encoding nucleic acid whose gene product cleaves a target 
sequence in a selected target nucleic acid; 

c. isolating the ribozyme-encoding nucleic acids from the cloned cells of 
step b; 

d. packaging the ribozyme-encoding nucleic acids of step c; 

e. transducing a population of cells with the packaged 
ribozyme-encoding nucleic acids of step d; 

f . selecting and cloning transduced cells of step e that express at least 
one ribozyme-encoding nucleic acid whose gene product cleaves a 
target sequence; and 

g. isolating the ribozyme-encoding nucleic acid from the cloned cells of 
step f . 



32. A method of detecting a ribozyrne that compensates for or results in 
a genetic defect in a transgenic or chimeric animal, comprising the steps of: 

a. transducing embryonic target cells, germ cells or totipotent cell lin s 
with a vector expressing a library of nucleic acids that encodes 
hairpin ribozymes that recognize a selected target nucleic acid, and 
also with a nucleic acid that encodes a reporter gene; 

b. implanting transduced target cells that express the reporter gene in 
the uterus of a receptive female; 

c. screening any resulting transgenic mammals for a selected 
phenotype that compensates for the genetic defect; 
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d- isolating ribozyme-encoding nucleic acids fronn cells of a transg nic 
mamnnal of step c. 

33. A method according to claim 32, wherein the genetic defect results 
in a phenotype that is a member of the group consisting of neurological 
disorders, Alzheimer's disease, Parkinson's disease. 

34. A method according to claim 32, wherein the embryonic cells, germ 
cells or totipotent cell lines are transduced with multiple vectors that encode 
different ribozymes, and wherein the multiple vectors are isolated in step f are 
packaged, used to make additional transgenic mammals wherein said additional 
transgenic animals express only one ribozyme, the additional transgenic 
mammals are screened for a selected phenotype that compensates for the 
genetic defect, and the ribozyme-encoding nucleic acid is isolated from cells of 
a transgenic mammal having said selected phenotype that compensates for the 
genetic defect. 

35. A method of detecting a transduced cell that contains a genetically 
engineered hairpin ribozyme-encoding nucleic acid, comprising: 

transducing a population of cells with vectors that comprise a library of 
hairpin ribozyme-encoding nucleic acids having randomized recognition 
sequences, wherein the vectors further comprise at least one reporter 
gene; and 

detecting a cell that expresses at least one reporter gene. 

36. A method according to Claim 35, further comprising: 
isolating and cloning a cell that expresses at least one reporter gene. 

37. A method according to Claim 35, wherein the hairpin 
ribozyme-encoding nucleic acid is operably linked to an inducible promoter. 

38. A kit, comprising a hairpin ribozyme library having randomized 
recognition sequences packaged in a vector which is suitable for high level 
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expression in a wide variety of c lis, reagents, and detailed Instruction for using 
the kit and interpreting the results. 
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FIGURE 1 The Hairpin Ribozyme 
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FIGURE 4 Generation of rAAV-RZ-Iib provector by PGR 
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FIGURE 5 
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FIGURE 7 Attaching RNA target to solid support 
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FIGURE 8 In vitro selection ot optimal ribozynnes 
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FIGURE 9 AAV stable integration 
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FIGURE 10 Trans Cleavaige and Ligation 
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